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^ FOREWORD. 



The fighting efficiency of every ship depends on her ability to 
make the most hits in the shortest possible time with the least 
expenditure of ammunition, and to make the required number of 
revolutions with a minimum expenditure of fuel, lubricating oil, 
and water without breakdown. To make this possible, in time of 
action each man, whatever his rating, must be constantly alert 
and at all times doing his dutv, no matter how slight the duty is 
nor where it is performed. From knowledge, power; from prac- 
tice, expert i)erformance; and from these, victory. 

Bruce R. Wabb. 



GIVING ENLISTED MEN A GREAT OPPORTUNITY. 



\V 



The following amendment to the naval appropriation bill was 
>^agreed to in conference and will consequently become law. It 
^ reads as follows: 

!*^ "Providing that there may be a|)pointed annually from the 

enlisted men of the Navy who are citizens of the United States 

. and not more than twenty years of age, and who have served not 

less than one year, fifteen enlisted men to the United States 

Naval Academy, to be selected in the order of merit by competi- 

'• tive examinations prescribed by the Secretary of the Navy, and 

* such men so selected are required to pass the physical and mental 

; examination now required by law for entrance to the Naval 

•^- Academy." 

This is a splendid opportunity for young men who enlist in the 
Navy to satisfy their ambition in the enofeavor to be one of the 
chosen few to go to the Naval Academy and, if it is in them, later 
in life reach the highest position attainable in that service. This 
recent act of Congress will beyond a doubt encourage enlist- 
ments and induce young men of superior intelligence to remain in 
the service longer than heretofore, with the hope of reaching the 
Naval Academy and afterwards the quarter-deck of a warship. — 
Naval Institute^ July^ 1914. 
{See Appendix I, p. 171.) 
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INTRODUCTION. 

The object of the writer in preparing this book is to provide a 
brief, practical aid for the men composing the Engineer Depart- 
ment of a seagoing ship. No attempt has been made to go deeply 
into the study of steam engineering, the particular reason being to 
instruct and help the men in the line of promotion and to increase 
their efficiency in the various ratings. 

The writer's aim has been to collect in a handy form a few impor- 
tant principles that the men can obtain at the least expense. Con- 
sidering the fact that there are books of this nature for the deck 
force, it seems equally fair to provide similar ones for the men of the 
engineer force. 

Bruce R. Ware, 
MidshipTTUiny United States Navy, 

U. S. S. West Virginia, 

October, 1908, 



REVISION. 



The revision of this Handy Book was prompted by a desire to 
keep it up to date in step with the advancement of engineering; 
to meet more fully the requirements of General Order No. 63, 
"Instruction on Board Ship." 

Bruce R. Ware, 
Lieutenantf Junior Grade, United States Navy, 

Post Graduate Department, 

Navy Yard J New York, September 1, 1014, 
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PREFACE. 

[An extract from General Order No. 63, Navy Department, Dec. 16, 1913.] 
INSTRUCTION ON BOABD SHIP. 

1. The following plan for the instruction of enlisted men, petty 
officers, and warrant officers of the Navy serving on board ship will 
be put into effect on January 1, 1914: 

THE SUBJECTS THAT EVERY MAN ON BOARD SHIP SHOULD KNOW. 

17. All men on board ship, of whatever rating, will be instructed 
in and will be required to prove their knowledge of — 

A. The necessity of realizing the twofold nature of duty in the 
Navy — ^namely, the military duties, irrespective of rating, and the 
particular duties of the rating in which men enlist or which they 
may attain; the importance of accurate knowledge; discipline; 
the rules of discipline; questions on discipline; the nature of an 
order; the nature of a command. 

B. What the Navy offers. — The importance of being, first, a 
man-of-war ^s man, and, secondly, a specialist. — The various 
service schools; school for seaman gunners, artificers, etc., and the 
qualifications necessary in order to gain admittance to these 
schools.-^The necessity of a good record in addition to special 
ability in any given fine. — The ship itself as a training school, 
giving prominence to the fact that a man of the right type may 
gain advancement, whether a graduate of one of these schools or 
not, provided he is zealous and obedient. — Promotion in the 
Navy. — Difference between acting and permanent appointment. — 
The chances of obtaining warrant and commissionea rank. — Con- 
tinuous service men. — Leave. — Liberty. — Shore duty. — ^Retire- 
ment. — Pensions. — Rewards and privileges. — Medals and gratui- 
ties. — Citizenship . 

C. Enlistment in general. — Apprentice seamen. — Discharge. — 
The various types of discharges and the effects of punishment 
thereon. — The advantage of honorable discharge. — Transporta- 
tion after discharge. r— Service records. — Conduct classes. — Over- 
staying liberty and its ruin of all chances of advancement. — What 
constitutes desertion. — The fact that desertion will be punished, 
irrespective of the motive that prompted it. — The large percentage 
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12 PBEFACE. 

of deserters recovered. — Punishment for deserters. — Types of 
naval courts-martial. 

D. Pay table. — Accounts. — Extra allowances. — General remarks 
on pay. — Monthly money. — ^Loss of pay due to breaking liberty. — 
Example of a chief petty officer's pay. 

E. Naval customs. — llules concerning salutes. — Etiquette to 
officers and civilians. — General information about the Navy and 
its relation to the Government. — The President. — ^The Secretary 
of the Navy. — ^The commander in chief. — ^Captain. — Executive 
officer. — Officer of the deck. — Divisional officer. — The redress of 
wrongs. — Exercise of authority. — Quarrels and disturbances. 

F. The eeneral characteristics of the ships of the Navy. — 
Questions thereon. 

G. General features of ships of the Navy of different classes. 
H. The routine in port and at sea. — Bright work. — Sick call. — 

Quarters and drill. — Setting up. — ^Musters and inspections. — 
Messes. — ^Watches and divisions. — Scrubbing and cleaning. — 
Duties of compartment cleaners. — Smoking hours. — Lucky bag. 

I. The aim and obiect of all general drills; what it is imtend^ 
to accomplish in a place other than that in which any particular 
man is stationed. — Fire. — Collision. — ^Abandon ship. — Fire and 
rescue. — General quarters. — Coaling ship. 

J. Marking clothing. — Uniform, and regulations relating there- 
to. — Lashing hammocks. — Stowing bags. — Laying them out for 
inspection. — ^Airing bedding. — Stopping on wash clothes, bags, 
ana hammocks. — Keauisitions for clothing. — Care of clothing. 

K. Personal cleanliness. — Elementary rules of hygiemcs. — 
Prophylaxis. — Elementary first aid. — Treatment of the wounded 
in action. — Typhoid prophylaxis. 

L. Painting and the preparation of the surface therefor. 

M. Swimming. — ^Restoring the apparently drowned. — Life 
buoys. — How the buoys should be dropped and when. 

N. Athletics. — The attention given them on board ship. — The 
prestige attendant upon victory. — The various trophies awarded. 

THE SUBJECTS THAT ALL CHIEF PETTY OFFICERS SHOULD KNOW. 

31. All chief petty officers, irrespective of rating, must have a 
thorough knowledge of the following special subjects for all chief 
petty officers (this includes the special subjects for all petty offi- 
cers): Responsibilities of chief petty officers. — Duties in general. — 
Privileges. — Pride in the performance of their duties. — Chances 
for ^ advancement. — Duties at emergency drills (in general). — 
Uniform regulations. — Drill books. — ^Duties of beachmasters; 
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fatrol officers. — ^Making guard trips. — ^Routine division duties. — 
n general, the duties of junior division officers. — ^The ideas and 
idems of an officer. — ^The methods by which chief petty officers 
can obtain exact knowledge. 

(Signed) Josephus Daniels. 

Note. — ^Men of the engineer's force will find answers to many 
of ihe above requirements Ln this "Handy Book," in the prepara- 
tions of which this General Order No. 63 has been followed. The 
general index of this book will be found to be an excellent guide 
for study to meet the reauirements of the above order. A copy 
of General Order No. 63 snould be obtained from the drip's writer 
and carefully studied. 



PART I. 
DTTTIES OF THE VABIOXJS BATE^GS. 

(a) reciprocating engines with coal-burning boilers. 

Section 1. The Coal Passer. 

(a) This is the lowest rating in the engineer department. When 
a man enlists in the United States Navy, he wishes to become 
either a seaman or an engineer. If he has had no experience with 
machinery or the management of boilers, he is given the rating of 
coal passer. From the recruiting station he is sent to a receiving 
ship, where he is supplied with an outfit of clothing. He is also 
given one hammock, one set of hammock clews, and a bag in which 
to stow his clothes. He is allowed a ditty-box in which letter 
paper and toilet articles are generally kept. With these articles 
ne is sent to a seagoin|; ship, where he is given a station billet. 
An illustration of a station billet is given below: 

U. S. S. WEST VIBOINIA — STATION BILLET. 

Ship's No., 6127. Name, Moore, J. W. Rating, C. P. No. 6127. Division, 6. 

Section, 1. Part, 1. Gun, . Boat, first sailing launch. Mess, No. 12. 

Battalion, . Company, . Clear ship for action, B-1. Fire station. 

No. 25. hose. Collision, No. 157. Arm and away, . Abandoning ship, 

first sailing launch. Hammock stows. No. 12, main deck port. 

This station billet is made to read as follows: J. W. Moore, a coal 
passer, on board the U. S. S. West Virginia, whose ship's number — 
that is, the number on his ba^ and hammock — is 6127. The 6 
means that he is in the sixth division; the 1 means that he is in the 
first section in that division; and the 27 is his number in the sec- 
tion. He abandons ship in the first sailing launch, stows his 
hammock in No. 12 netting on the port side of the main deck, and 
eats his mealtf at No. 12 mess table . He does not belong to any gun, 
is not in the battalion or the arm-and-away party. At clear ship 
for action he passes coal in the starboard fireroom. At fire quarters 
he leads out and mans fire hose No. 25, and at collision quarters he 
sees that water-tight door No. 157 is closed. On receiving his 
station billet tJie coal passer should at once acauaint himself with 
all his stations. It is advised that he get some old-timer on the ship 
to take him around, indicating his stations and where his hammocK 

15 



16 HAKDY BOOK FOR ENLISTED MEN OF NAVY. 

stows. New men are generally allowed a day in which to get 
acquainted. 

(o) His duties. — 1. New men are distributed amon^ old men, and 
each man is assigned a cleaning station, which it is his duty to keep 
clean. At "turn to'* each coal passer should go immediately to 
his station and commence work. If this station is in the firerooms 
he will be told by the water tender in charge what to do . The water 
tender distributes them at his discretion in order to complete as 
soon as possible the work that is going on. A new man will benefit 
by observing the work of experienced men and by doing what he is 
told. 

2. When on steaming watch it is the duty of the coal passer to get 
the coal out of the bunkers for the use of the firemen. If the bunker 
is full and the coal is coming out from under the bottom of the door, 
which is partly raised, the buckets are filled and dumped in a ridge 
in front of the f amace doors. As the bunker empties, two or three 
coal passers work together; one enters the bunfcers and fills the 
buckets, the other two carry them out and dump them as before. 
It is the duty of the coal passer to keep an accurate count of the 
number of buckets of coal used and to report the number to the 
water tender of the watch. 

3. When fires are cleaned the coal passer wets the refuse — 
ashes. (Cleaning fires is the removal of the slag and clinkers from 
the ^te bars in the furnace.) The refuse is wet from a hose con- 
nection to the sea valve, and the pressure of the sea water is suffi- 
cient. 

4. Once each watch, and always after cleaninff fires at about six 
bells, the ashes are hoisted. The coal passers fill the buckets and 
hook them to the ash hoist, signaling to the man running the whip 
when a bucket is hooked on ready for hoisting. A careful count 
of the number of })uckets sent up must be kept and reported to the 
water tender of the watch. 

5. It becomes necessary, once each watch, to haul the ash pans. 
The coal passer will soon catch on to the time when this is neces- 
sary; and he has to keep them clean, and keep from 1 to J inch of 
water in them, taking care when filling them not to w^ any part of 
the boiler. 

(c) In order to fit himself for promotion a coal passer should 
practice firing when opportunity affords. He should have a com- 
plete knowledge of the use and location of all the sea valves in the 
firerooms and of the valves and strainers of the drainage svstem. 
He should learn the names of the various parts of the machinery 
and of the boilers, and how to act in case of a casuality , such as 
tiie bursting of a gauge glass or a leaky manhole joint. By working 
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with experienced men and watching how they go about their work, 
new men wHl soon catch on how to do their work in the most expe- 
ditious way, which they will find to be the easiest for themselves. 
Through the kindness of Lieut. D. E. Theleen, United States 
Navy, I am able to present the following: 

INSTBVCTION FOR COAL PASSERS FOR FIREHEN| SECOND CLASS. 

In order that coal passers may quickly familiarize themselves with their duties 
and qualify for promotion the following list is published as a guide tor study. Water 
tenders will give all possible assistance to men desiring to qualify. Firemen, second 
class, must be up on all these subjects, but have a more complete knowledge. 

1 . Location aria use o/.— Grate bars, bridge wall, combustion chambers, manholes 
and plates, boiler gaskets, hydrokineter, surface blow, bottom blow, gauge glass 
and water column, try cocks, steam gauges, sentinel valve, main stop valve and 
where operated, auxiliary stop valve and feed pumps, feed-^eck valves, cooneo- 
tion doors, ash>pan doors. 

2. Duties of coal 'passer in fireroom on toatch.—Kow to transport ooal, how to keep 
a correct tally, imi>ortance of correct tally, bunker water-tight door system, bunker 
drains, use of air locks. 

3. Piling. — Coaling a furnace, methods of firlne, use of slice bar, use (A crowfoot, 
use of hoe and ash-pan hoe, method of cleaning mres, method at cleaning tubes. 

4. Location and use of sea valves in the yireroonw.— Pump suction, pump discharge, 
blow from boilers, ash wetting-down valves, Kingston valves. 

5. Drainage system.— Loc&Uaa. and care cf valves and strainers. 

6. Casualties, behavior in case of. — Leaky manhole Joint, coltepsed furnace, burst- 
ing of gauge glass, collision. 

7. Steam gauge.— GemenX idea of canstruction; how to read accurately; working 
pressures by. 

Sec. 2. The Secono-class Fireman. 

Coal passers who have a good record, and have shown their 
ability to perform the work of a second-class fireman, are promoted 
to that rating. 

(a) Cleaning 8to^to7».— Second-class firemen are usually assigned 
to the boilers for their cleaning stations. They must be familiar 
with the methods of cleaning the boiler and all its parts. They are 
further required to scale and to turbine tubes, and to make minor 
repairs to the boiler and its fittings. 

(6) Dvixes when on steaming watch. — His duty is to coal and clean 
the fires, under both natural and forced draft. He must know how 
to start aifd stop the auxiliary feed pumps in the firerooms in case 
the main feed pumps fail to feed . He must know how to act in the 
case of any casuahty and how to read the pressure gauges. In 
regard to carrying fires, the light fire is the best to carry; and, in 
the long run, the tedious work of cleaning fires is much reduced. 

(c) Promotion. — In order to qualify lor promotion a fireman 
second class must have a thorough knowledge of the following: 

1. How to fire and clean fires under any draft. 

2. How to replace a broken grate bar. 

88722«— 16 2 



18 HANBY BOOK FOB ENXISTEB MEN OF NAVY. 

3. The names of the different parts of a boiler. 

4. The names and the use of the internal and external fittings of 
a boiler. 

5. A general knowledge of the forced-draft system. 

6. The use of the feed pumps. 

7. A general knowledge of the auxiliary machinery in the fire- 
room and of the fireroom drainage system. 

8. The names of and the system of issuing tools. 

Sec. 3. The First-Class Fireman. 

(a) A first-class fireman has more responsibility than a fireman 
second class. He must be a good fireman and have good executive 
ability in order to be able to relieve the water tender of the watch 
if ever his absence becomes necessary. He must be able to make 
slight repairs and know fullv what to do in the case of the caiTying 
away of any part of tJie boiler. He must know how to cut in and 
cut out boilers, and how to check combustion; as, for instance, if 
the time of getting underway is delayed an hour or so. 

(b) A first-class fireman desiring promotion to water tender must 
know how to fire with the different kinds of coal, and he must be 
fully prepared in all the requirements of the above two sections. 
He must know how to start all pumps and how to prevent the 
entrance of salt water into the boilers. He must have a thorough 
knowledge of the gauge glass and try cocks, and the construction 
of all valves in the engineer department and their uses, and he 
must know how to seat a valve. He must know how bunkers are 
drained and how to estimate the amount of coal in the bunkers at 
any time. He must be familiar with the method of sweeping 
tubes, turbining tubes, how to clean the fire side of a boiler, how to 
renew grate bars and fire brick without having[ to haul fires; a 
complete knowledge of all steam traps, valves, piping, and mach- 
inery in the firerooms. He must know how to run the evaporators 
and distillers, and how to stand ice-machine watch. He must be 
fully familiar with the machinery of steam launches and motor 
boats. 

Sec 4. The Oiler. 

(a) The oiler takes his name from the duties that he performs. 
When on steaming watch it is his duty to be continually examining 
the parts of the machinery under his care. He must see that the 
oiling wicks do not clog up with oil and that the flow of oil is suffi- 
cient but not too much. He shall frequently feel all the moving 
parts, slippers, guides, eccentrics, crossheads, crank pins, thrust 
bearings, and the stem tube bearing, to see that they are not run- 
ning hot. He shall keep the handrails wiped off and the engine- 
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room floor plates swept up clean (under oidinanr steaming this 
becomes necessary about three times a watch). He shall examine 
the water service frequently, and if it is used on ttie main thrust 
blocks bearings he shall see that no water works its way into the 
thrust proper. He must keep account of the oil he uses and report 
the amount to the chief machinist mate of the watch. On being 
relieved he shall report to the engineer officer of the watch when 
relieved, that he has been over all parts of the machinery with his 
relief. \Mien going on watch an oiler must go over all parts of the 
machinery that he will be held responsible for, and, when satisfied 
that all is in good working order, he shall report to the engineer 
officer of the watch as relieving such and such a man, and that he 
hafl found everything in good shape. 

(b) An oiler is required to have a practicable working knowledge, 
of the main engines, all valves, piping, and all the moving parts. 
He must know all the names of cylinder and valve-cheet mountings, 
and where the cylinder drains and cylinder reliefs l^ui. He must 
be familiar with the construction of all machinery and tanks in the 
engine room, and tfie use of all pumps on the ship, and how to 
pump out the bilges and double-bottom compartments. He must 
know how to pump water into the feed tanks both at sea and in port. 
He must understand the oil manifolds and the system of sight 
oilinjgf. He must have a thorough knowledge of the reversing and 
jacking engines, and how to connect or disconnect the latter. He 
must know how to start and shut down the forced-draft blowers in 
the firerooms. He must undeistand the procedure of '^warming 
up " and how to do so through the jackets. He must know how to 
take '' leads " when adjusting bearings and the purpose for doing so ; 
and while in port he should become a useful helper to ^e chief 
machinist's mate in overhauling and making repairs. In the case 
of a bearing running hot while underway he must know how and 
what to do. In addition to the above he must know how to stand 
auxiliary watches on the evaporators and distillers, the ice machine 
and in the steam launch . He must be competent for all the require- 
ments of the lo^er ratings and able to take temporary charge of a 
steaming watch in the firerooms if the water tender were injured 
or absent. 

Sec. 5. Machinist's Mate, Second Class. 

(a) This is a rating that may be reached in several different ways: 

1. A man who has had training and experience with machinery 

and also sliop experience may take an examination at the time of 

his enlistment, which, if he is successful in passing, secures for him 

this rating. 
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2. When a man has served one enlistment and desires to become 
a machinist's mate, if he is recommended by his commanding 
officer, he is sent to a school of instruction at Charleston, S. C, and 
upon completing this course is given the rating of machinist's mate 
£rst or second class, depending on the result of his examination. 

(6) A machinist's mate second class is required to have a prac- 
ticable working knowledge of the main engines, valves, and pro- 
pellers. He must understand the use of all main and auxiliarv 
machinery on board ship, and of all steam traps, separators, feed- 
water heaters, condensers, and any derangement liable to occur to 
them and the remedies for same; the machinery of steam launches 
and motor boats and all piping systems throughout the ship. He 
must have a complete knowledge of the main and auxiliary steam 
and feed lines, the main and auxiliary exhaust lines, and the drain- 
age system. He must be able to make minor repairs, such as the 
grindingand seating of valves and know how to make leaky joints 
tight. He must understand the use of the reversing andjacking 
engines and how to connect and disconnect the latter. He is re- 
quired to know how to test a condenser for salt-water leaks, and 
have a thorough knowledge of the use and construction of all mani- 
folds and piping to double bottoms, and the location of all water- 
tight doors, and know how they are opened or closed. He must be 
able to do bench, vice, and machine-shop work, and know how to 
read blue prints. He must be fairly familiar with all the require- 
ments for the lower ratings as set done above. 

(c) The station of a machinist's mate, second class, when on 
steaming watch, is in the engine room^ where he must be ready at 
all times to be called on to make minor repairs. He is usually 
responsible for the engine-room auxiliaries, some of the main 
engine bearings, and the regulation of the feed water in the feed 
tanks. He should be qualified to test the feed water for salinity. 

Sec. 6. Machinist's Mate, First Class. 

(a) A machinist's mate, first class, must have a thorough knowl- 
edge of all that is contained in the previous five sections of this 
book, and he must be able to take chaige of a steaming or auxiliary 
watch and understand how to keep the log. He must be competent 
to correct all casualties as, for instance — ^1. Suppose tiie ei^ineer 
officer of the watch is in the firerooms and the mam air pump snould 
stop; he must know how to find the cause and know what to do at 
once (see p. 65^ . 2. He must be able to take charge of the boilers, 
as in the case of priming. 3. He must fully understand the running 
of the evaporators both when in single and when in double effect. 
4. He is required to also have a uiorough knowledge of all the 
heating and drainage systems of the ship and all their appendages. 
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(6) When in port he must be able to take complete charge of an 
auxiliary watch, understanding fully the use and construction of 
all auxiliary machinery. He must be able to take charge of the 
repairing that is going on and understand how to take 'beads'' 
wnen adjusting bearings and the purpose for which they are taken. 
He must know how to take care of the indicators and how to attach 
them to the cylinders and take cards. He must fully understand 
the cut-off scales and attachments to the main engine valves, and 
he must know how to set the main engine valves. 

Sec. 7. The Water Tender. 

(a) When in port the general charge of the cleaning and repairs 
going on in the firerooms (boilers) assigned to him is his duty, 
and to see that the firemen and coal passers are properly distributee! 
in his compartment, and that they understana the nature of their 
work and how to go about it in the most rapid and efficient manner. 
The cleaning of tne steam and fire sides of the boiler is very im- 
portant, and he shall see that it is properly done, cautioning the 
men not to cut the metal. When cleaning a boiler he shall report 
the condition of the zincs to the chief water tender or the man wno is 
in chaige of the firerooms. Zincs are no longer fitted in many 
boilers. 

(b) WTien on steamiug watch the water tender has general 
chaise of the boilers assigned to him and the men working at them. 
He ^ould continually watch the water level and endeavor to keep 
it at a constant height in the gauge glasses. He must guard against 
priming, and, if it ever occurs, he &ould at once start to check it. 
(See p. 70.) He shall keep an accurate count of the buckets of 
ashes and coal used during nis watch and report them to the chief 
water tender of his watch, or the chief machinist's mate in the 
engine room, for entry in the log. When he receives orders to 
sweep the tubes of his boilers he shall superintend it himself, 
seeing that it is completely and properly done. He must be 
ready to act quickly in the case of any casualty. He must under- 
stana the method of testing boiler water and of analysis of Ihe 
fine gases. 

Sec. 8. The Chief Water Tender. 

The chief water tender is in general chaige of the boilers assigned 
him and of the men working at them. He receives his orders 
from the engineer officer of the watch, and he must see that his 
men are distributed in such a manner as to do as soon as possible 
the work to be done. When underway he should spend his time 
equally in all steamingcompartments and be present at the remedy- 
ing of any casualty. He shall see that all orders are promptly and 
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correctly executed and that boilers are correctly cut in and cutout. 
At t^e end of his watch he shall report the number of buckets of 
coal and ashes that have been usea to the engineer officer of the 
watch . He must see that the required steam pressure is maintained 
and that the men fire often and lightly and that the firing of the 
furnace beds is even, no holes being allowed to appear. In the 
case of a time firing device he shall see that the men fire when the 
number of their fimiace comes up on the indicator. When under 
forced draft he shall see that the air pressure ordered to be main- 
tained is not exceeded. He must be familiar with and able to 
use the various methods of testing the water in the boileiss and the 
constituents of the flue gases. He must be fully aware of the im- 
portance of maintaining the boiler casing tight, allowing no air 
leaks. He shall endeavor to check fires when coming to anchor, 
preventing tiie waste of iresh. water occasioned b^r the "poping" 
of ihe safety valves. He shall frequently examine the bottom 
blow valves to boilers and assure himself that they are absolutely 
tight. He shall see that the bilges in the fire'rooms and coal 
bunkers are kept as clean and dry as is possible, and he shall be 
positive that suctions to the drainage system in his compartments 
are kept clear. He must be fully familiar with all the requirements 
of the preceding seven sections and should be fairly accomplished 
in n^achine-shop work. He shall see that the boiler log, if one is 
required by the chief engineer, is correctly and completely kept. 

Sec. 9. The Chief Machinist's Mate. 

In order to become a chief machinist's mate a machinist's mate, 
first class, besides having a full, complete knowledge of all 
that Is contained in the previous sections, must have good ability, 
be a good executive, dependable for the execution of orders, ana 
understand fully how to distribute his men so as to obtain the 
best results in the shortest possible time. He must have had 
experience in taking charge of steaming watches and auxiliary 
watches, and must have a full, complete understanding of how to 
correct whatever casualty may occur. 

A man desiring to qualify for this rating should study carefully 
the Navy Regulations, paying particular attention to tne sections 
dealing with the engineer department. He is also referred to 

Sages 7 and 8 of the Bluejackets* Manual, and his attention is 
irected to more advanced books on engineering. He must be 
thoroughly familiar ^th all that is contained in this book, and 
he should so fit himself that in case of an emergency he could take 
charge of the entire engineer department for a short time. He 
must be able to take a set of indicator cards from the main or any 
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other engine and know how to compute the indicated horsepower 
develo^)ed. (See pp. 40-46.) He must be familiar witn the 
regulations applying to the en^eer department when in dry- 
dock, and know what to do prior to entering or leaving same. 
He must be familiar with all deck machinery, and he must be 
an expert in machine-shop work. He must know how to test 
flue gases. He must know fully the methods of testing the water 
in the boilers. He must understand all the entries that are to be 
made isPthe log. 

Sec. 10. The Storeroom Keeper. 

The storeroom keeper has charge of the storerooms in which the 
engineer's stores are kept. He is required to keep a list of all the 
stores issued and to whom issued. He shall see that all the tools 
that are issued during a day are returned to him at the end of work- 
ing hours in the same condition as when issued by him. If they 
are broken or damaged he shall make a note of the cause, by whom 
last used, and place aside for survey. If any tool is missing he 
shall endeavor to And it; if not able to do so ne shall report it to 
the engineer's office, with the name of the man to whom last 
issued, entering it in his notebook as lost and the date on which 
found to be missing. When an order is broueht to him for waste, 
etc., he shall issue it and then send the order to the engineer's 
yeoman. All orders received should be marked ** completed" 
when completed and turned in to the engineer's office at the end 
of working hours. The storeroom keeper is responsible for the 
order and cleanliness of the storerooms m his charge, and he shall 
be required to keep all bunker lamps and lanterns filled, trinmied, 
and ready for lighting. All tools should be kept in a svstematic 
order and the steam-engine indicators should not be allowed to 
lie around where they may become damaged. On some ships 
he is required to keep the oil-sujpply tanks replenished and he 
should keep an accurate account in a book for that purpose of all 
oil expended. At 8 p. m. he diall see that all stores under his 
care are properly secured, that all lights are out, and that store- 
room doors are locked. He should lay out a supply of jWaJste, etc., 
reqiiired for night watches. If he goes ashore he must leave his 
keys with the engineer's yeoman, or where designated by the 
chief engineer. They ahall never he taken off the ship. When pre- 
paring for sea he shall secure any article mat would be liable to 
cause trouble during rough weather. The assignment to duty as 
a storeroom keeper is an honor, as this duty is a very responsible 
one and requires a good man to fill it right. A storeroom keeper 
should always be on the job, willing, and good natured. When- 
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ever a castuilty occurs he must be present, open his storerooms, and 
supply at once whatever may be needed for ouick repair work. When 
the amount of any item is reduced one-half he shall report it to the 
engineer officer of the wateh, in order that additional supplies may 
he noted as required in that item. His work will he made much 
easier by order, cleanliness, and a careful record of all tibat occurs 
relating to the storerooms. 

B. Reciprocating engines with oil-bubning BoiLsiaB — ^Tub* 
bines with coal or oil-bubning bollebs. 

Sec. 11. Pbepabations fob Getting Undebway — Steam Tub- 
bines. 

1. Start forced lubrication pumjps. 

2. Start main air and circulatmg pumps 2 J hours before time 
set for getting; underw ay. ( Carry 8-10 incnes vacuum . ) 

3. In starting any pump first open the drains, then the suction 
and discharge of the pump, then the exhaust, and, last of all, 
crack the steam valve to warm up the pump. The steam valve 
may. now be gradually opened, and when the pump is free from 
water and running well, close the drains. In starting the main 
circulating pump it must be first jacked over one turn and left in 
starting position. It may be necessary to put a vacuum on the 
auxiliary exhaust line before this pump can oe started. 

4. Open automatic stop valve main steam line and drain maneu- 
vering valves two hours before time set for getting underway. 

5. In opening this valve care must be taken to crack the valve 
in order to warm up the line. As the line becomes hot, the valve 
may be opened full, and when full opening is reached remove the 
pin and cap on end of valve stem. 

6. Turn steam on gland line. 

7. See counter gear oiled and everything clear for tumir^. 

8. Start jacking rotors, with throttle by-passes open one-half 
turn. 

9. In case the engines have been standing by with steam turned 
on it will usually not be necessary to jack the engines, aa the steam 
from the glands will furnish sufficient heat to keep the engine 
warm. 

10. Take out jacking gears. 

11. Take counter reading before turning the engines. 

12. Inspect oil and water systems. 

13. Turn engines, ahead and astern, each side, with each 
throttle. -v 

14. Report ready for getting underway after the engines have 
been tried. 
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15. Try steering engine 45 minutes before getting underway. 

16. Dnon whistle and siren 30 minutes before getting underway. 

17. Test engine room and fireroom telegraphs. 

18. Shift auxiliary exhaust to main condenser when it is started. 

19. Have fire and bilge pump ready. 

20. Turn steam on augmentors 10 minutes before getting under- 
way. 

21. After getting underway close turbine drains. 

^ 22. Shift to cruising combination as soon as both engines are 
signaled to go ahead at the same speed. 

23. Take a set of dummy clearances. 

24. Watch carefully all bearings for signs of heating. 

25. It is important to note that a cruising combination should 
not be used until it is certain that the steam pressure is high 
enough to make the required number of revolutions with the 
combination it is intended to use. 

Sec. 12. Securing Main Engines After Coming to Anchor. 

1. Give necessary orders to firerooms about disposition of fires. 

2. Close main automatic stop valves. 

3. Shut steam off glands. 

4. Secure anchor and steering engines. 

5. Secure forced lubrication pumps and oil cooling piunps about 
an hour after engines have stopped. 

6. Start evaporators to use up all extra steam if they are not 
already running. 

7. Snift auxiliary exhaust to auxiliary condenser when it will 
take care of it. 

8. Put in jacking gear. 

9. Bead and record engine counters. 

10. Open turbine drains; turbines being jacked to drain points. 

11 . After about two hours secure main circulating and air pumps. 
Air pumps are run this length of time in order to draw all vapor 
and water out of turbines and thus keep them dry. 

Sec. 13. Working the Fires — ^Time Firing. 
[Figures in O a™ painted in red.] 

The two-number system will be used in explanation of time 
filing. Suppose it to be as follows: 

fttrt ^^l^Zt^&'^ -"iJForward boUer. 
fttt^ ^^l^Z^^"^ '"'Kr boiler. 
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The syBtem of firing will be as follows: 

Suppose the intervals to be three minutes, No. 1 rings up on the 
time-nring indicator then — 

(a) Pusn back and level fires of No. 1 brass, lower number, and 
at the same time — 

(6) Coal No. © painted number. 

In three minutes from the time No. 1 rang up the firing interval 
annunciator will ring up No. 2, which interval will give plenty of 
time to work the furnaces marked No. ©. 

When No. 2 rings — 

(a) Push back and level fires No. 2, brass numbered furnace. 

(6) Coal fires No. ® painted number furnace. 

This system will continue until all five furnaces of each boiler 
in numerical number have been coaled, thus insxuring that each 
furnace fire will be coaled and pushed back at r^ular intervals, 
and will also give enough bright fire to maintain an even steam 
pressure and consume the smoke to the greatest possible extent. 

At each firing three shovelfuls of coal will be used as a * * chaige " — 
no more; no less. The slicing of fires will be done at the direction 
of the water tenders when in their opinion it is deemed necessary. 
It must be remembered that too much slicing hinders the man in 
keeping the fires in proper condition and is bad for coal economy. 

Each watch should bum down and clean when hot their own 
fires, and when cleaning fires the signals will of course be disre- 
garded for that furnace. 

When hoisting or ejecting ashes the signals must also be followed. 
A short delay in getting out ashes is not to be considered as impor- 
tant as the continuous handling of the fires. 

When coahng, raking, or cleaning fires, firemen must work 
quickly and close the furnace doors promptly. 

When cleaning fires in any boiler the draft should be partly 
checked by partly closing the damper and by putting on the ash- 
pan doors of furnaces when cleanea. 

When it becomes necessary to check the fires it will be done by 
the use of the dampers and the ash-pan doors; never by opening 
or cracking fiunace doors. 

Water tenders should regulate the feed so as to keep the water 
at from 1 to 3 inches from the bottom of the glass, ana they must 
become familiar with the valve opening that will determine and 
give this level. The feed must be continuous and very regular. 
The practice of opening the valve allowing the water to rise high 
in the glass and then closing the valve is wron^ and bad. 
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Sec. 14. General Duties When Burning Oil Fuel. 

One of th% best indications of the proper degree of combustion 
of oil is, as in the case of coal, the smoke made. Experience has 
shown the following facts to be proved: 

(a) Insufficient air ^ves a thick black oily smoke. 

lb) Too much air gives a thick white oily smoke. 

(c) When the air is just right the smoke is just noticeable. 

Experience has farther shown that proper mixture of air and 
oil can not be obtained by using too large tips. It has been found 
that the 1-millimeter tips supplied by the Schutte Koerting Co. 
burners give about the best atomization, and if an increase in the 
amount of oil burned is desired the number of burners should be 
Increased and not the size of the tips. 

With the installation on the U. S. S. Utah the following method 
of burning oil has been found to be the most satisfactory: 

Keep a bed of clinkers over the entire grate (boilers can be used for coal burning 
if desired) about 8 to 12 inches thick. At about the center of the grate keep a ridge 
of clinkers and ashes high enough for the flames from burners to strike. 

Watch l^e grate carefully and keep all holes in the clinker bed filled up with 
a^es. 

Keep all openings in the furnace closed; ash-pan doors, furnace doors, etc., 
except the opening Immediately surrounding the burners. Watch the smoke 
from time to time. If thick and olack, speed up the blowers: if white and thick, 
slow down the blowers until a sufficient amount of air is being supplied, and no 
more, and no smoke can be seen. 

A further check on the proi>er degree of combustion may be obtained by watchins; 
the flame from the burners. If short and white the combustion is good ; if long and 
yellowish, the combustion is poor. Petty officers in charse of the steaming fire- 
rooms must keep all these facta in mind and to endeavor to Dum oil on their watdi 
as economically as ixxssible. 

Water tenders and firemen in charge of firerooms must understand that their 
ability to reduce smoke will be taken into account when making up their quarterly 
marks and recommendations for promotions. 

Sec 15. Promotions. 

The matter of promotion is entirely in the hands of the man 
himself. Promotion depends upon skill and ability, zeal and 
attention to duty, capability and cajjacity for work, good conduct 
and deportment. Men must show in tneir work that they are 
qualified for the rates that they desire promotion to; and for petty 
officers ratings must show that they have ability to handle men 
and know how to exercise authority. Men who commit grave 
offense against the regulations can not hope for promotion or any 
material consideration. Breaking liberty, drunkenness, or any 
general disregard of orders are serious offenses, and men who so 
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deliberately commit themselves can not expect promotion, except 
in rare cases of exceptional efl&ciency or a decided indication of 
reform. If a man 'holds a rate, and by his bad performance of 
work and behavior shows that he is unfitted for it, he may have 
the rate taken away by sentence of a court, or, in most cases, by 
the captain. Men are encouraged to make the most and best 
possible use of their time to improve themselves in knowledge and 
ability to fit themselves for promotion. Men have the pnviL^e 
of being sent to various service schools from time to time. The 
detail of men to such schools will depend largely on their records 
and the interest they show in their work. Requests for transfer 
for good and sufficient reason will generally be approved for action 
by the department. Usually an exchange for a man of the same 
rate must oe arranged for. 

In addition to the requirements set down previously in this 
book, the repetition and addition of requirements as set down be- 
low may help as a further guide for men who desire promotion: 

A. For the rating offirevnan, second class. — ^Must be reconmiended 
by the chief water tender and officer of section or station. To be 
recommended he must show a general willingness to work and 
learn; be prompt to obey orders, reliable and tnistworthy; be neat 
and clean and show himself fitted for and interested in the naval 
service. Must be able to fire a boiler, start pumps, ash^oist en- 
gines, etc. Must know the principal parts of a boiler and show a 
lair knowledge of the piping and apparatus on the station to which 
he belongs and a general knowledge of the apparatus in the engi- 
neering department. Must be able to do the general cleaning work 
in the engineer department. Must have actually fired a boiler un- 
derway for at least a month. He should also have had at least six 
months' service on a cruising ship imless he has had previous en- 
gineering experience. Must have a clear record for at least six 
months. 

B. Fireman^ first class. — ^Must be recommended by the chief 
petty officer and officer of his section or station. Must be physi- 
cally stronjy enough to satisfactorily fire boilers continuously, both 
coal and oil. Must be able to fire and start fires, clean fires, and 
secure a boiler, tend water, and replace grate bars. Must thor- 
oughly know all parts of a boiler, operation of pumps, ash hoist, 
ejectors, blowers, etc. Must be familiar with pipmg, drainage, and 
pumping systems and the location of all valves. Must understand 
means and methods of cleaning boilers, inside and outside, and the 
care of compartments, bilges, coal bunkers, and double bottoms. 
Should have a general knowledge of all the different apparatus in 
the engine and boiler rooms, its purpose and where located. Knowl- 
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edge of auxiliaries, such as evaporators, ice machines, steamers, and 
steering engine, ^ill count favorably. Must have had at least six 
months' service as fireman, second class, and should have had a 
year and a half sea experience. Must have a clear record for six 
months. 

C. Oilers. — Must be recommended by the chief petty officer and 
officer of his section or station. Must understand the operation of 
pumps of all kinds and of all auxiliary engines. Must have a knowl- 
edge of oiling by hand, wick feed, and forced lubrication. Must 
understand me cleaning and care of compartments. Must have 
good mechanical ability, sufficient to act as machinist helper, and 
must be able to do sucn jobs as grinding in valves, packing joints, 
and dismantling machinery. Must understand the use oi differ- 
ential falls, jacks, etc., and the ordinary machinist tools. Must 
understand the operation of evaporators, ice machines, and the 
machinery of steamers and of all engine and fire room auxiliaries. 
Should, as a rule, have had at least three years' service. Must be 
thoroughly reliable and sober, and capable of handling men. Rec- 
ord must show reliability and thorough attention to duty. Must 
have had at least two months' actual practice at oiling. Watch 
standing in dynamo room and the operation of 50-foot steamers 
may be consirfered oiler's duties. 

D. Water tenders. — Must be recommended by chief water tender 
and officer of section or station. Must be an expert fireman and 
know how to tend water. Must imderstand firing with coal and oil 
and know how to instruct other men. Must understand systems of 
firing, use of blowers, dampers, etc. Must thoroughly understand 
coQstruction of boilers and boiler-room auxiliaries, and be able to 
take independent charge of the cleaning and overhauling of boil- 
ers; take charge of boiler-room compartments and how to avoid 
corrosion. He must be thoroughly conversant with all safety pre- 
cautions required in the boiler room, and with the care and over- 
haul of all safety devices, and be able to take proper precautions 
in the case of accident to the boilers, piping, or otner machinery. 
He must understand all piping systems, connections, and the op- 
erations of all auxiliaries in the fireroom and engineering depart- 
ment. Must thoroughly understand stowage of coal in bunkers and 
the care of coal bunkers and double bottoms. Must understand 
precautions in handling fuel oil and methods of stowage used. 
Must have good mechanical ability. Must be able to grind in 
valves, pack ioints, overhaul boiler fittings. Must have good eye- 
sight. Must have shown actual ability in handling men; have a 
record of reliability and sobriety, and be forceful, energetic, care- 
ful, and zealous in the performance of his work. Must have actu- 
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ally stood a water-tender's watch for three months satisfactorily. 
Should have at least three years' service, and, preferably, have, 
been an oiler. 

E. Machinist^ 8 mate, first class. — ^Must be recommended by chief 
petty officer and officer of his station. Must show good qualities 
of a petty officer; be reliable, trustworthy, sober, and zealous. 
Must be able to overhaul any part of the main or auxiliary machin- 
ery, and show excellent mecnaoical ability; be able to get main 
engines ready for getting underway and to secure same on comin? 
to anchor; be able to stand throttle watch. Must show genersd 
knowledge of l^oilers, piping, and apparatus in firerooms. Must 
have at least one year of service on a cruising ship. 

Note. — ^Read carefully the preface to this book, which is based 
on General Order No. 63, ** Instruction on board ship"; aleo study 
pages 1 to 8. 



PART II. 
GENEBAL INFOBMATIOK. 

Section 1. Useful Principles op Mathematics. 

In all mathematics the decimal point is the mark of division 
between the units and the parts of units. For instance, one and 
one-half boxes of bread would be written 1.5 boxes. In adding, 
subtracting, and multiplying always write the decimal points 
under each other. 

(a) Addition. — ^This is the imiting or joining of numbers. For 
example: Add 25.76 and 2.345. \^te the decimal points under 
each other and add — 

25.76 
2.345 



28. 105 Answer. 

(6) Subtraction. — ^This is the reducing of a number by an amount 
to be taken away from it; the numbers must be written as in (a). 
The following is an example : Subtract 1 .396 from 1 .805 : 

1.805 
1. 396 



0.409 Answer. 

(c) Division. — ^This is for finding the number of times one number 
is contained in another. For example: There are 16 boilers 
installed in a ship and it is recjuired to oivide 96 coal passers and 80 
firemen among them. Solution: 

6 5 

16)96 16)80 

96 80 



Answer: 6 coal passers and 5 firemen to each boiler. To denote 

division the following signs are used: 4-*-2; 2)4; 2)4(; J=i. 

{d) Multiplication. — The sign used is X . This is for finding the 
result of taking a number a certain number of times instead of 

31 
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adding that number the number of times it is to be taken. Exam- 
ple: Multiply 3.4 by 4; 3.4X4=13.6 Answer. Problem: Divide 
100 by 0.25 and multiply the result by 0.2468. It may be written 
and solved aa follows : 

^X0.2468=98.7200 Answer. 

Solution: 025.) 10000. (400 0.2468 

10000. 400 



98.7200 Answer. 

When a number is multiplied by itself it is said to have been 
s(}uared. When one number has been multiplied by itself two 
times it is said to have been cubed. To raise a number to the 
fourth power it must be multiplied by itself three times, and so on. 
A table of the squares and cubes of numbers will be found in Part 
14. (2)*=2X2X2X2=16. 

There is a simple rule for squaring numbers ending in 5. 

Rule, — 1 . Drop the 5 of both numbers and multiply the remaining 
number by a number 1 greater than itself. 

2. Suffix 25 to this result. 

Example: Square 435 — i. e., multiply 435 by 435. 

1. Drop the 5 of both numbers. This leaves 43 by 43. 

2. Multiply 43 by a number 1 greater, which is 44. 

3. Then suffix 25. 
Solution: 

43 
44 



172 
172 



1892 

To this result, 1892, suffix 25, and the square of 435 is 189225. 
Proof: 

435 
435 



2175 
1305 
1740 

189225 Answer. 



HANDY BOOK FOR ENLISTED MEN OF NAVY. 38 

(e) Fractions. — In a fraction the number above the line is the 
numerator and the number below the line is the denominator. For 
instance, in the fraction |, 3 is the numerator and 4 is the denomi- 
nator, This is a proper fraction. If the numerator is greater than 
the denominator, the fraction is said to be improper. A mixed 
number is a whole number and a fraction, as 2 and i in 2}. 

1. Addition of fractions. — To a4d two fractions — that is, to com- 
bine them — add their numerators, if their denominators are the 
same, and reduce to lowest terms. 

Example: Add }, f , and f 

1 
3 
5 

9 or 1=1 J Answer. 

If the denominators are not the same, they must be made the same 
by finding the least number, called the least common multiphy that 
each denominator will divide into an even number of times, and 
then adding the new numerators and reducing to lowest terms. 
Problem: Add i, y\, -Z^, and ^. 

First find the least common multiple of the denominators: 

L. c. m.: 2)2 18 20 6 
3)1 9 10 3 

3 10 1 

And the 1. cm.: 2X3X3X10=180. 

Now multiply the numerators by the nimiber of times their 
denominators are contained in the least common multiple and 
reduce to lowest terms, as follows: 

1X90 3X10 7X9 5X30 _90 30 63 150^333 
2X90"^18X10"^20X9'^6X30 180"*'l80"^180"^180 180 

and reducing to lowest terms, TOQ^lTon^lon -^^s^®'"- 

2. Subtraction of fractions. — The same rule as used in adding 
must be used. 

1. Find the least common multiple. 

2. Find the new numerators and subtract them, then reduce to 
lowest terms. 

88722"— 15 .3 



84 
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Example: Take f from J. The least common multiple is 8; the 
new numerators are 3X2 and 7X1; then 6 from 7 leaves 1, and the 
answer is J. 

3. Multiplication of fractions. — Multiply the numerators and de- 
nominators and reduce to lowest terms. Example : 



7X3 



AV7 — ^^ — 21 

*^^~3X12~^ 



=^=4 Answer. 



12 



To multiply a fraction by a whole number, multiply the nume- 
rator or divide the denominator. Example : 

}X4=^ or i =^ or ^=3 Answer. 
4 4 4 1 

4. Division of fractions. — ^To divide a fraction by a whole number 
multiply the denominator or divide the numerator. To divide 
one fraction by another fraction, invert the other and multiply. 

Example: Divide J by |. 

3 8 3^9 27 . 
4"*"9==4>^8^32 ^"^^^^ 

5. A complex fraction la one in which either the numerator or 
denominator (or both) consists of a fraction or mixed number. 

Example: Solve the complex fraction — 

2i_5 17__5^2_5 . 
8:5~2"^2"""2^T7~17 ^^«^^''- 

Sec. 2. How to Find Areas and Volumes. 

(a) To find the area of a square. — Multiply the length of one side 
by itself. As in the figiu'c A==aXa. Let A=area, and a=5=the 



T 



A. s: 



length of one side; the A=5X5=25. Answer. &=5^^ A=25 square 
inches. 
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(h) To find the area of a rectangle. — ^Multipljjr one side by the 
adjacent side. In the figure a is one side and b is the adjacent side. 
Then A=aXb=2X4=8 square inches. Answer. 

(c) To find the area of a circ^.— Sguare the radius and multiply 
the result by a constant called "pi" (;:). This constant equals 
3.1416. As m the figiure, r=radius=4; then A=4X4X3.1416= 
50.2656. Tables of the areas of circles may be found in various 
handbooks. They should be used. A small table is appended 
to this book in Part 13. Since the radius is equal to one-half the 
diameter the area will be equal to the following: 

A=rXrX?r=4X4X3.1416=50.2656 square inches. 

or 

^^^^^^ ^ =|x-|x3.1416=50.2656 square inches. 

(d) To find the sectional area of a ring or pipe. — 1. Find as in (c) 
above the area of the inner and outer circles. 2. Take the differ- 








ence between the two areas. Let the pipe be Y^ thick and the inner 
diameter 2 inches (2^0 . Find the area of a section of the metal. 

A (small circle)=3.1416x|-x|=3.1416 

A (large circle)=3.1416x|x-|=7.0686 

A (of 8ection)=7.0686-3.1416=3.927 square inches. 



S6 
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L. —^ -M the >nnet 
r^ -« — 1 Multiply 



(e) To find the length of drcumferenct of a rirc/e.— Multiply the 

diameter or twice the radius by 3.1416 (tt). Ah in the figure, let 

d=4 feet. Then the circumference (CW4X 

^-— N,. 3.1416-12.5664 feet. Answer: C=2i:'=7rd. 

^ ^\ (J) To find the area* of the inner- and outer aur- 

'o pipe or tube. — Firet find the lengths of 

..._ ... er and outer circumferences as in (e). 

. . Multiply the results by the length of the pipe 

V^ ^/ Example: Given a boiler tube with dimen- 

^«>._.^^ mons as ahown, find the areas of its inner and 

outer surfaces. (Note: Thia has to be done 

when computing the heating surface — H. S. — of a boiler.) Solution 

1. Circumference of inner surface: =3. 1416x3 =9.4248 inches. 

2, Circumference of outer surface:=3.1416X4=12.5664 inches. 

to' 





3, Area of inner surface {10 feet=10X12 inches);=9.4248X10X 
12=1131 .976 square inches. Answer. 

4. Area of outer surf ace: -12 .5664X120— 1507.968 square inches. 
Answer. 




■^->l 



j/a sphere. — Square the radius 
and multiply the result by 
4Xn. As shown in the fig- 
ure, the sphere U of 4 feet 
diameter and it is desired to 
find the area of its surface . 
Surface area=3.1416x2X2 
X4=50.2656 square feet. 
Answer. 
find the volume of a cube. — Multiply 



a cubical box of dimensions a 
%ure, to find its contents, or volume: 
Let V=volume. 
Then V=3X3X3=27 cubic inches. Answer, 



shown in the 
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(t) Ilo find the voIutm of a rylinder. — Find the area of one end 
and multiplv this area by the lei^th. he^ht, or altitude. Given a 
cylinder ol dimensionB as ahown in the figure, to find its volume: 

3 1416X2X2 
Area of one end of the cy!inder= -^ j =3.1416 square feet. 



U==3 ® 

The V=3.14I6X10=31.116 cubic feet. 

(j) To find the volume of the tphere of (o).— Cube the radius and 
multiply the reeult by 4/3 of (3.1416). The volume of the above 
sphere =4/3^1^. 

4/3X3.1416X2X2X2=33.5104 cubic inches. Answer. 

(l) To find the golidity of a cylindrioil ring. — To the thickness of 
^-Uie ring add the inner.diameter; this sum multipUed by the square 
of the thickneaa and Bgaui by 2.4GT4 
will give the solidity. 

Example; Given to make a deck 
stopper with a ring of the dimensions 
ae shown in the figure. To find the 
solidity — that is, the amount of 
metal required to make the ring: 

1. D plus t=5 + l=6 inches. 

2. t squared = 1 X 1 = 1 square 

3. SoUdity = 6 X 1 X 2.4674 = 
14.8044 cubic inches. Answer. 
Sec. 3. Mbasurembnts op Takes. 

To find the cubical contents of 

a tank or the number of gallons of 

water contained in any tank, first 

find the volume of the tank in cubic feet and then multiply this 

result by 7.4805, reducing the cubical contents to gallons. 

1, To find the number of gallons of water contained in a rec- 
tangular tank of dimensions as ahown in the figure: 
(a) Cubic contents= 10X5X2 =100 cubic feet. 
(6) Watercontained=100X7.4805=748.O5gaUon6. Answer. 



38 
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2. To find the number of gallons contained in a cylindrical tank, 
such as the water drum of a boiler. 







t 



20' 




Given a water drum of dimensions as shown in the figure, to find 
the number of gallons of water it will hold when it is one-half full: 

(1) A of end=?^i^^^^^=12.5664 square feet. 



^2^ V when one-half full=HX20X12.5664. 



Number of gallons=KX20Xl2.5664X7:4805=940.0235 gal- 
lons. Answer. 

Sec. 4. Capacity of Bunkers. 

1. To find the capacity of a rectangular hunker.— Yhst find the 
cubical contents in cubic feet and then reduce this result to tons 

by dividing by the num- 
ber of cubic feet per ton, 
generally taken as 43 
cubic feet=l ton. 

Example: A bunker 
is of dimensions as 
shown in the figure; to 
find the number of tons 
of coal it will hold when 
full: 
(1) Cubic contents=20X10X21.5=4,300 cubic feet. 

4,300 




(2) Number of tons of coaL 



43 



=100 tons. Answer. 
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2. To find the capacity of a bunker whoee forward end is of 
greater area than its after end, as shown in the figure giving dimen- 
sions, first find the mean depth and mean width as follows: 

(1) Mean width =^5+1?= 13 feet. 

(2) Mean depth=i^±i?=15 feet. 



(3) Cubic contents= 13X15X20. 

(4) Number of tons of coal it will hold when full: 

90.7 tons. Answer. 

T 



13X15X20 
43 




3. To find the capacity of a bunker whose outboard side is 
formed by the rounded side of the ship, first find the area of one 
end and multiply this area by the length. 




Example: Given a bunker of dimensions as shown in the figure 
below, find its capacity: 

(1) Add the top and bottom sides of one end and divide by 2, as 
10+20=30, and 30-+-2=15. 

(2) Then multiply this result by 4 and add the top and bottom 
sides of the same end to this result; then divide by 6, as 

(15X4)+10+20 ,. 
6 ^^' 



40 HANDY BOOK FOR ENLISTED HEN OF NAVY. 

Multiply this mean ordinate bv the depth, giving area of one end. 
The area of this end multiplied by the length will give the cubical 
contents, and dividing this result by the number of cubic feet per 
ton will give the capacity. 

15X20X30 
Whence: Capacity = ^q =209.3 tons of coal. Answer. 

Section 5. How to Find the Indicated Horsepower of an 
Engine and Compute Indicator Cards. 

All men above the rating of machinist's mate, second class, 
should be able to find the indicated horsepower developed by an 
engine, and understand fully the taking of indicator cards and how 
to work out results from them. 

Indicated horsepower. — This is the term used to express the power 
developed by an engine. 

When a weight of 1 pound has been raised a distance of 1 foot in 
1 minute we say that tne work (power) necessary to do this is equal 
to 1 foot-pound (ft. lb.) per nunute. One indicated horsepower 
(I. H. P.) is equsil to 33,000 times 1 foot-pound per minute, and is 
expressed: 

1 1. H. P. is equivalent to 33,000 foot-pounds per minute, 

33 000 
or 1 1. H. P. is equivalent to 550= l^ foot-pounds per second, 

or 1 1. H. P. is equivalent to 33,000X24=792,000 foot-pounds per 
hour. 

Therefore, if we have an engine that is producing 33,000 foot- 
pounds of work every minute, we say that this engine is developing 
1 indicated horsepower (II. H. P.). If it is producing 33,000,000 
foot-pounds per minute, we say that it is developing 1,000 indicated 
horsepower. 

Now, the question is. How do we make an engine do this 
work and find how much it is doing? In section 2, part 9, the 
"water-steam circuit," we have shown that the steam in the 
cylinders of an engine is made to do work by pushing against a 
piston contained in the cylinder, making the piston move up and 
down. In section 1, part 9, page 110, "main engine complete, " we 
have found that this up-and-down movement of the piston is trans- 
mitted (passed on) by means of a piston rod, crosshead, crosshead 
slide, connecting rod, and shafting into a rotary motion, causing 
the propeller to revolve, making one complete revolution each time 
the piston passes from one end of the cylinder to the other and back 
a^n — ^i. e., the piston makes two strokes. Therefore 1 revolu- 
tion of the propeller will b e made in 2 strokes of the piston (1 up 
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stroke and 1 down stroke=2 strokes==l revolution=l revolution 
per minute if each stroke is made in 30 seconds). 

If we have an en^ne that is developing 100 indicated horsepower 
at 100 revolutions, it is aistomary to say 100 1. H. P. at 100 r. p. m. ; 
or, say^OO I. H. P. at 300 r. p. m. ; or, say, 
SOO I. H. P. at 500 r. p. m. This shows 
that the power developed by an engine 
increases or decreases exactly as the rev- 
olutions, other factors being the same. 

It is now necessary to bring in the work 
item. It has been shown under section 
2, part 6, page 93, "steam-pressure 
gauges," that steam exerts a pressure in 
pounds per square inch (lbs. per scj. in.). 

If we have a block of 1 cubic inch of 
lead, as shown in the sketch, where each 
side is exactly 1 inch in length, then 
the surface on which this block rests is 
exactly 1X1=1 square inch; and suppos- 
ing that the cubic inch of lead weighs 
exactly 1 pound, we then have a pres- 
sure of 1 pound per square inch. If the 
block of lead weighed 2 pounds, we 
would have a pressure of 2 pounds per square inch. Now, suppose 
that the top of the table has an area of 9 square inches, and that it is 
loaded with blocks of lead, each block containing 1 cubic inch of 
lead weighing 1 pound, and that there are 9 of these blocks (see 
sketch below); 





Here we have a table of surface area of 3 X3=9 square inches, and 
resting on it there are 9 1-pound blocks of lead, and as each block 
covers a surface of 1 square inch, the 9 blocks cover the entire 
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top of the table of 9 square inches. Then the totaJ pressure on 
the fop of the table is 9X1=9 pounds. If we want the unit pres- 
sure we divide by the surface area and find that the unit pressure is 

5=1 pound per square inch. 

In an engine cylinder there exists a certain average preesure 
throughout a stroke which is called the "mean effective pressure 
(m. e. p.)|" and is represented by the small letter "p, always 
expreasedinpoundBpersquareinch. Thism. e. p. aclsonthetot^t 
^rf ace of the piston, whicli we know has an area of, say, "a "square 
inches. Then the total pressure exerted on the piston will be =pXa 
pounds. In order to find the value of "p" (m. e. p.) an instrument 
called the "steajn-engine indicator "is used, and from the indicator 
cards we obtain the m. e. p. The distance that the piston moves in 
g<ang from one end of the cylinder to the other is called the stroke, 



and is equal to, say, "1" feet. Therefore, combining these units, 
an eipresaion is obtained for the power developed in one end of the 
cylinder of an engine, and this expression is: 



I. h.p.=t^ 



pXlXaXn 
^ 33,000 
In which — 
p— mean effective pressure in pounds per square inch. 
1— length of stroke in feet, 
a— area of piston in square inches, 
n— number of revolutions per minute. 



eated horsepower developed in the cylinder 
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The above formula may be used for the rapid calculation of 

power, but it is not ripdly correct, as the bottom or ''crank end " 

of the cylinder contains the piston rod, and hence the effective 

area of that side of the p)iston is less hy the area of the rod. If D 

is the diameter of the piston its area is Jtt D^ square inch, and if 

d is the diameter of the piston rod the net (effective) area of the 

7r(D^— d^) 
bottom side will be J;r D^-Jtt 6?=- — ^ square inches; and 

from these values we obtain the exact formula. 

The total indicated horsepower developed in the cylinder of an 
engine: 

pXlXnXTT D^ pXlXnX^r (D^-d^) 

33000 X4 "^ 33000 X4 
^ plnTT JD' D^ d^\ 

330001 4 "^ 4 4 J 
^ plnTc^ f D^_ d^l 

3300012 



■} 



Example. — To illustrate the application of the above formulas 
let it be required to find the indicated horsepower developed by a 
triple expansion four-cylinder engine of the following dimensions, 
at 150 revolutions per minute: 18^^X30^^X(2)42^^X36^^ piston 
rods 9^^. 

The set of cards following were taken from this engine. 
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To be divided and measured as for the horsepower. 

Solution: The indicator cards are either measured by an instru- 
ment called the **Planimeter" (or averaging instrument) or they 
are measured as follows: Divide the base oi each card into any 
equal number of parts, 1, 2, 3, 4, 5, 6, 7, 8, and redivide as at 
a, b, c, d, e, f, g, h. See page 42. These ordinates measured as 
follows: 



Top. 

lA 
lA 

a 
a 

10 
A 

1 



.867 



H. P. 





I. 


P. 


Both L. P. 


Bot. 


Top. 


Bot. 


Top. 


Bot. 


A 


1 


A 


A 


A 


A 


lA 


A 


A 


A 


A 


lA 


A 


A 


A 


H 


lA 


10 


A 


A 


1 


tI 


TT 


A 


A 


lA 


ri 


H 


A 


A 


lA 


A 


a 


A 


A 


\i 


A 


A 

4A 


A 

3A 


A 


6A 


m 


3A 


6.250 


8)6. 750 
.844 


8)4. 563 
.571 


8)3. 250 
.406 


8)3. 125 in. 


.781 


. 391 av. 



We will suppose that these cards were taken with indicator 
springs corresponding to pressures as follows: 

For the H. P. V^ of height=100 pounds per square inch. 
For the I. P. V^ of heights 50 pounds per square inch. 
For the L. P. V^ of height= 20 pounds per square inch. 
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Then the m. e. p. for the cylinders will be: 

H. P. top m. e. p. =100X. 867=86.7 pounds per square inch. 

H. P. bottom m. e. p. =100X. 781=78.1 pounds per square inch. 
I. P. top m. e. p. = 50X844=42.2 pounds per square inch. 

I. P. bottom m. e. p. = 50X571=28.55 pounds per square inch. 
F. L. P. top m. e. p.= 20 X. 406= 8.12 pounds per square inch. 
F. L. P. bottom m. e. p.= 20X.391= 7.82 pounds per square inch. 

The after L. P. happens to be the same as the forward L. P. 
(F. L. P.). 

It is now necessary to find the areas on which these m. e. p.'s act, 
and as l^e diameters are given, we find from the table of areas that 
they are as follows: 

Area of piston rod— 63.62 square inches. 

Area of H. P. piston— 254.47 square inches top and 190.85 bottom. 
Area of I. P. piston— 706.86 square inches top and 643.24 bottom. 
Area of L. P. piston— 1,385.4 square inches top and 1,321.78 bottom. 

[Note: Bottom= top -63.62.] 

plan 
Substituting in the formula I. H. ?• =33000 ^® obtain — 

86.7xf|x254.47Xl50 
I. H. P. H. P. top= 330^0 =300.8 

r. ,, 78.1X3X190.85X150 „. . 
Bottom=: 33000 =203.3 



Total i. h. p. h. p. cylinder =504.1 

The other cylinders should be solved by the student. The 
results will be found to be: 

Total I. H. P. in I. P. cylinder =657. 2 
Total I. H. P. in F. L. P. cylinder =294. 2 
Total I. H. P. in A. L. P. cylinder =294. 2 

Therefore the total I. H. P. developed by the engine will be 
equal to the sum of that in each cylinder or — 

504.1+657.2+294.2+294.2=1749.7 I. H. P. Answer. 

[Note. — ^This is a sample of unequal — that is, poor cylinder 
division — of work.] 

Observation of the formulas deduced above show that there is 
one term that is constant throughout and that is — 33Q00 • 
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In actual practice to simplify these solutions on board ship a 
table should be made giving the following data: 

1. Area of H. P. jpiston. 

2. Area of I. P. piston. 

3. Area of L. P. piston (forward and after). 

4. Area of all piston rods. 

5. A table giving the values of the following: 

, -r, TT -r^ ,. , laXr. p. m. 

1. For H. P. cylinder — 33000 — ^ ^ bottom. 

2. For I. P. cylinder — qq'qqq — - top and bottom. 

3. For each L. P. cylinder — ook^ — " *op *^^ bottom. 



Sec. 6. Pay Tables. 



1 . First enlistment. 



Rate. 



Chief machinist's mates 

Boiler makers 

Machinist's mates, first class 

Coppersmiths 

Chief water tenders 

Blacksmiths 

Water tenders 

Machinist's mates, second class. 
Oilers 



Firemen, first class . . . 
Firemen, second class. 
Coal passers 



Base pay. 


Monthly 
pay. 


$70.00 


$77.00 


65.00 


71.50 


55.00 


60.50 


55.00 


60.50 


50.00 


55.00 


50.00 


55.00 


40.00 


44.00 


40.00 


44.00 


37.00 


40.70 


35.00 


38.50 


30.00 


33.00 


22.00 


24.20 



2. Whenever a man reenlists within four months after the expi- 
ration of his first enlistment, he is credited with four months' jMiy. 
He also receives for reenlisting an increase of $6.36 on his base pay 
per month. For example, a fireman, second class, reenlists at the 
expiration of his first enlistment one month after it had expired. 
He is given four months pay, amountin^g to $132, and his base pay 
of $30 is increased to $36.36, making his monthly pay $40. 

3. Each month 20 cents is deducted out of the monthly pay as 
a hospital fee. 

4. ('hief water tenders, after serving one year as such, if they 
qualify by examination for permanent appointment, have their 
pay, from the date of the examination, increased to $77. 
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5. On the second reenlistment the base pay of Table 1 is increased 
$6.36 plus $4.36, and if the man has a good-conduct medal it is 
further increased $0.75, making the base pay of a chief machinist's 
mate, for example, on second reenlistment, $81.47 and his monthly 
pay $89.62. 

6. Service pay of a chief machinist's mate: 

First enlistment $77. 00 Fourth reenlistment. . . $100. 86 

First reenlistment 84. 00 Fifth reenlistment 106. 48 

Second reenlistment 89. 62 Sixth reenlistment 112. 10 

Third reenlistment 95.24 Seventh reenlistment. . 117.72 

Sec. 7. Glossary op Terms and Definitions. 

1. Air-pressure gauges (manometer). — For measuring the pres- 
sure of the air or "draft" when using forced draft. 

2. Air locks. — ^For communication between the firerooms, or 
between the compartments under air pressure and those not imder 
pressure. 

3. Air cock. — ^Each boiler is fitted with an air cock on the shell 
or steam drum, to permit the escape of air when filling the boiler 
wiHi water and to snow when the boiler is full. Should always be 
opened when filling a boiler. 

4. Bedplates. — They are made of cast iron and are used to sup- 
port the engine. 

5. Boiler covering. — The shell of a boiler is covered with an 
incombustible, nonconducting material, known as masnesia, to 
prevent the radiation of heat. This is usually covered (lagged) 
with thin galvanized sheet iron to protect the shell and covering 
from moisture. 

6. Bottom blow valve.— These are generally seatless composition 
valves fitted to each boiler by means of which the boiler may be 
blown down. 

7. Banked fires. — Heavy banked fires are not allowed except in 
cases of emergency, and when fires are banked, the ash-pan doors 
are to be kept open. In a banked fire the fire is generally shoved 
to the back of the grate and covered with green coal; the draft is 
deadened, and the fire bums slowly. 

8. Bridge wall. — In Babcock & Wilcox boilers is brick back wall 
of the furnace. In shell boilers this limits the extent of the fires, 
and by reducing the opening at the back of the furnace increases 
the speed of the ^es of combustion and thus produces a more 
complete mixture m the combustion chamber. 

9. Cylinders. — ^They are made of cast iron. The heat energy of 
the steam admitted into the cylinders is converted into work, the 
pressure of the steam forcing the pistons and rods up and down. 
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Cylinders often contained liners of high-grade close-grained cast 
iron. 

10. Crossheads. — ^They are made of steel, and are used to con- 
nect the piston rods and connecting rods. 

11. Crosshead guides. — ^They are made of cast iron. The cross- 
head slippers working in these guides control the motion of the 
crossheads in a straight line up and down. 

12. Crosshead brasses. — ^They are made of composition and are 
lined with white metal. Used to connect crossheads and connect- 
ing rods. 

13. Connecting rods. — ^Made of high-grade steel machinery forg- 
ings and transmit the motion of the piston rods to the crank shafts, 
converting it from reciprocating into a rotary motion. 

14. Crank-pin brasses. — ^Made of composition, lined with white 
metal, and are used to connect the connecting rods and crank pins. 

15. Crank shaft. — ^Made of forged steel. The crank shaft and 
connecting rods convert reciprocating motion into rotary motion, 
and transmits this rotary motion to other shafting and to the pro- 
pellers which propel the ship. 

16. Drain cocks. — On each cylinder are found packed drain 
cocks so placed as to drain the cylinder completely. These cocks 
are worked by levers from the working platform and discharge 
through a pipe into the fresh-water side of the condenser, sometimes 
into the hot well. 

17. Dead plate. — ^The bottom of the furnace-door opening. 

18. Engine frames. — ^They are made of forged steel and are used 
to support and to hold the engine and its parts together. 

19. Eccentrics. — ^The larger part is made of cast iron and the 
smaller part of cast steel. They move the valves through the inter- 
vening parts of the valve gear. 

20. Eccentric straps. — ^Thev are made of composition and are 
lined with white metal. They are used to convey the rotary 
motion from the eccentrics to the reciprocating motion of the 
valves. 

21. Eccentric rods. — ^These are high-^de machinery for^ngs. 
They transmit motion from the eccentric straps and eccentrics to 
link blocks. 

22. Front and back connections. — ^The space between the up- 
take doors or connection doors and the boiler, extending over the 
area covered by the tubes, is generally called the front connection 
in return-tube boilers and the back connection in direct-tube 
boilers. In Babcock & Wilcox boilers the doors giving access to 
the headers are called front and back tube doors. 
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23. Firing tools. — ^Theseare — 

1. Shoveb, which need no explanation. 

2. Long and short hoes: These hoes are made heav^ for working 
and cleaning the fires, the long-handled ones for reacmng the back 
parts of the furnace. The lifter hoes are for use in hauling the 
ash pans. 

3. Devil's claw: This is something like a heavv rake and has 
several claws on it. Most firemen prefer to use a hoe. It is used 
for working the fire on the grate and for removing clinkers. 

4. Long slice bars: These are round bars with one end flattened, 
and are used to break up the clinker at the back of the furnace. 

5. Short slice bars: Same as above, but are made shorter for con- 
venience in working the fires at the front part of the grate. 

6. Prickers: These are round bars with one end flattened and 
turned up. Stops are welded to some of these bars to prevent 
them entering the fire too deeply. 

24. Furnace front and furnace doors. — ^The structure that closes 
the furnace opening ia called the furnace front and in it are the 
furnace doors. 

25. Qrate surface. — ^This is the area of the fire grates. 

26. Gauge cocks (or try cocks). — ^These cocks are fitted on boilers 
in addition to the water gauges, and an experienced man can tell, 
from the water that blowj through them when open, where the 
water level is. 

27. Heating surface. — ^All sur&kces that are exposed to the heat 
and which are capable of transmitting the heat of the fuel to the 
water or steam are called heating sur&ces. 

28. Hydroklneter. — ^This apparatus provides a means of produc- 
ing circulation in the boiler and hence shortens the time necessary 
for raising steam. Steam is admitted through the auxiliary line 
and i8 circulated through the water in the boiler. Used only on 
Scotch boilers. 

29. Jacking engine. — ^This is a small double-acting engine fitted 
with differential valve gear in each engine room. It turns a worm 
wheel on the shaft of the engine by means of worm gearing. This 
engine is used to turn the main en^nes each day that they are not 
in use, called " jacking over the main engines. " This is done each 
day the main engines are not used and they are turned over 1^ turns. 

30. Line shaft. — This Fliaft is made of forged steel. It transmits 
the rotary motion from the thrust shaft to the stem tube shaft. 

31. Link blocks. — ^The e are hi^h-grade steel machinery forgings. 
They transmit motion from the hnks to the valve etems. 

32. Lubricators. — Cast-brass oil boxes secured in parts of the 
engine at convenient points and have coimections for distributing 
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the oil to the various bearing surfaces. The distance pipes lead 
to wipes on the moving parts and tubes in the bearings ana guides. 
Each connection has a wick feed in addition to the sight feed. 

33. Lazy bar. — To lighten the work when using long hoes in 
cleaning fires and in hauling ashes, a removable bar, call^ a '* lazy 
bar, " is i>laced in supports fitted to the funlace doorframe and to 
the ash-pit door. 

34. Main bearings. — The caps and shoes of these bearings are 
made of cast steel and the brasses of composition lined with white 
metal. They form a bearing for the crank shaft. 

35. Main steam pipe. — This is made of seamless drawn steel and 
is used to convey the steam from the boilers to the engines. 

36. Main valve chest. — ^This is made of cast iron and is used to 
contain the main engine valve with the steam that is to be admitted 
to the cylinder. 

37. Main links. — High-grade machinery forgings. They trans- 
mit motion from the eccentric rods to the link blocks. 

38. Pistons. — Some are made of cast iron, others of cast steel. 
The steam pressure applied to them inside the cylinders moves 
them up and down. They are fastened to the upper end of the 
piston rods in a vertical engine. 

39. Piston rods. — They are made of high-grade machinery forg- 
ings and transmit the up-and-down motion to the crossheads con- 
necting rods and thence to the crank pin. 

40. Propeller shafting. — Same as stem tube shafting. It carries 
the propeller and transmits the rotary motion from the stem tube 
shafting to the propeller. 

41. Piston valves and slide valves. — These valves used to regu- 
late the admission and exhaust of steam to and from the cyUndere. 

42. Priming or foaming. — ^This consists of water becoming mixed 
with the steam and passing over with it to the engines. It may 
be caused variously — 

1. By insufficient room in the boiler for making steam. 

2. By dirty water in the boiler. 

3. Greasy water. 

4. By carrying the water level too high. 

5. From forcing the boiler; i. e., if the engines are taking more 
steam than the boilers can make, water is liable to be carried over 
with the steam. When raising steam care should be taken not to 
open the boiler stop valves too soon, and boilers should not be cut 
in on the main steam line until each individual pressure is at 
least 5 pounds higher than that in the line. 

43. To remedy priming. — ^Throttle down the engines; close damp- 
ers; put on more feed; use the surface blow to remove the dirty 



HANDY BOOK FOK. EKLISTED MEH OF NAVY. 61 

water from the Burface of the water in the boiler. However, the 
filr»t Btep is to first ascertain the cause for the boiler priming. If 
it is from salty water, the bottom blow should be used and the 
water freshened up by fresh feed. When a boiler primes it will 
be noticed that the water in the water columns is bubbling up 
and down— foaming. * 

44. Beducing valves. — ^These are special valves fitted in the 
steam lines to auxiliaries, where it is desirable to use a lower pres- 
sure than that in the boilers and to have a constant pressure inde- 
pendent of the fluctuations of the higher pressure in the boilers. 

45. Spring bearing. — ^The pedestal of the bearing is made of 
cast iron, and the bearing of brass composition lin^ with white 
metal. It is used to support the line shafting. 

46. Stem-tube shafting. — ^This shafting is made of forged steel, 
covered with composition water-tight castings made in sections 
that are shrunk on and pinned. This shafting transmits motion 
from the line shafting to thepropeller shafting. 

47. Stem-tabe bearing. — ^Tnis bearing is made of composition 
and is fitted with lignum-vitsB strips to form a bearing for the 
stem tube shaft. 

48. Separator. — ^This is a guard against the entrance of water into 
the main engine cylinders. The steam on entering the separator 
is whirled aroimd, producing centrifugal motion, which throws 
the particles of water out of the steam, which is then forced up- 
ward by deflection and out of the separator in a drier condition. 

49. Sight-feed cups. — ^These are for supplying a steady and 
definite amount of oil to the moving parts and are so arranged that 
the number of drops of oil passing per minute can be counted. 
The oiler regulates the number of drops from experience, the 
amount depending on the speed at which the moving parts are 
moving ana whether or not it is running cool. 

50. Spring safety or relief valves. — ^To each end of each cylinder 
is fitted a spring relief safety valve, and to prevent the escape of 
hot water these valves are fitted with easily disconnected drain 
pipes leading to the bilge or hot well. At each connection of the 
auxiliary exhaust pipe to the condenser a stop valve and a spring 
relief valve opening toward the condenser are fitted, the purpose 
of the relief valve being to regulate the pressure of the exhaust 
steam when it is used in the low-pressure receivers or feed -water 
heaters. 

51. Sentinel valve. — This is a spring safety valve and is set to 
blow at a pressure about 5 pounds less than that for which the 
boiler safety valves are set. These valves are sometimes fitted to 
each boiler. 
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52. Snrface-blow valves. — ^One-inch valves bolted on near the 
front of each boiler and closing against the boiler pressure, by 
means of which the dirt and grease may be blown on the surface 
of the water in the boiler. 

53. Slicing doors. — A small opening cut in the furnace door per- 
mits the use of a slice bar, without having to open the furnace 
door, and this opening is covered by a heavy-hinged slicing door. 

54. Salinometer. — This apparatus is attached to every shell 
boiler and tubulous boiler for the purpose of ascertaining the con- 
centration of the water inside the boiler. Salinometers are not 
now fitted. 

55. Steam traps. — ^To prevent the waste of fresh water, drain 
pipes are lead into automatic traps, which discharge into the feed 
tanks or condensers. 

56. Thrust shaft. — This shaft is made of forged steel. It receives 
motion from the crank shaft and transmits this rotary motion to 
the line shaft and the propeller shaft. It has collars on it which 
work in the thrust bearing, taking up the thrust along the shafting 
from the propellers, preventing the thrust acting on the main 
engine itself. 

57. Thrust bearing. — (See description of main engines.) 

58. Throttle valve. — This valve is made of cast steel and is used 
to regulate the supply of steam to the engines. 

59. Thermometers. — For taking temperatures are fitted as fol- 
lows: One on each hot well, one in each feed tank, one on each feed 
pipe in the engine room near the discharge from the feed heaters, 
one on each main injection pipe, one on each outboard delivery 
pipe, and one on each feed pump. The use of thermometers for 
taking the temperature of the oil that is circulating aroimd bear- 
ings is necessary with forced lubrication. 

60. Valve-chest liners. — ^Made of close-grained cast iron as hard 
as can be worked. They form a working lining for the valve 
chests, and guides and bearing surfaces for the valves. 

61. Valve stems are high-grade steel machinery forgings and 
transmit motion from the valve gear to the valves. 

62. Valve stem crossheads and guides. — Used for connection 
and guide to the valve stems. 

63. Water service. — A water service connected with the sea has 
branches fitted with valves leading to the various guides, bear- 
ings, and movii^ parts of the engines. 

64. Draft. — ^Wnat is induced draft? How does it differ from 
forced draft? 

Answer. Induced draft is the drawing from the boiler of the hot 
gases with the consequent drawing in of the air. This draft is 
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occasioned by fans in the boiler uptakes at the base of the funnel, 
worked by engines placed on the boiler wings. 

Forced draft is the forcing in of air into the fires, either bv put- 
ting air into an air-tight fireroom by fans in the cowls (ventilators) 
or forcing air into a closed ash pit under the fire without pressure 
in the firerooms. The closed fireroom s^rstem is the best. For 
connection between compartments the air locks previously de- 
scribed are employed. 

65. Boiler losses. — Point out the losses that may take place diur- 
ing the combustion of coal in a marine boiler. What steps are 
taken to prevent these losses? 

Answer. Sources of waste: 
(a) Waste by radiation and conduction. 
Ih) Hot gases leaving funnel. 
IcS Waste of coal in smoke and ash. 
hi) Solid unburn t fuel leaving fimnel or in ash. 
(e) Air leaks in boiler casing. 
Frevention: 

(a) This may be greatly reduced by good lagging. 
(6) Use the upgomg hot gases to heat feed water and also to heat 
the air going to the furnaces, 
(c) Regulate the air supply. 
{d) Must be reduced by even and good firing. 

66. Hydraulic test. — Describe tha process or water testing a cy- 
lindrical boiler. State how you would prepare it for the tast, how 
pump it up, and what observations you would make during the 
test. 

Answer. The boiler can either be tested by hand or by a steam 

Eump. If the latter is used, however, all connections between 
oiler and any pipe containing steam must be blank flanged. 
When the loaa is approximately 90 pounds we test to double the 
working pressure, and reducing from thereon according to the 
pressure specified in the Navy Regulations. 

A good method: 1. Gag the safety valves and see the stops prop- 
erly closed. 2. Fix deflection meters in furnaces, combustion 
chambers, and in any other part of the boiler considered necessary. 
The meters should register zero before any pressure is applied. 
See water in boiler free of air. 3. Pump up to the required pres- 
sure and see if the pressure is held. Note meters carefully, and go 
over all seams to ascertain if there are any leaks. Carefully exam- 
ine all tube ends for leaks. 4. Let the pressure back, and try the 
meters to see if there is any permanent set to any of the parts. 



PART III. 
GENEBAL DIVISIONAL DUTIES. 

Section 1. Routine in Port. 

(a) On aniving in port after having been to sea the routine con- 
sists of making aidjustments, repairs, and examinations of all the 
machinery in the engineer department. During the run at sea 
the repairs necessary to be made on arrival in port are noted, and 
a list of these repairs is posted in each engine room with the time 
allowed for making them. The extent of these repairs depends on 
the length of stay in port. The morning watch i s generally devoted 
to cleaning bright work, moving all machinery that is not in use or 
not disabled for repairs. All levers, valves, cut-off gears, and the 
links are moved each day. The main engines are jacked about 
one and one-quarter turns, and care should be taken to see that the 
links are in full gear, in order that the valves may be moved at the 
same time. The engine-room bilges are washed out with scalding 
water after the main engines are secured ; all the oil and grease must 
be removed. All strainers are taken out and cleaned. All parts 
of the engine are wiped off, while the lather formed by the oil is 
soft and easily removed. The main thrust bearings are washed out 
thoroughly and cleaned, then covered with a piece of canvas to 
keep out dirt. If, diu*ing the run, any bearing has been running 
hot or loud knocking has been occasioned, the bearing must be 
adjusted. "Leads" are taken and the amount of clearance deter- 
mined. In taking leads the following steps are followed: 

1. Remove the cap, top brasses, and liners. 

2. Lay soft pieces of lead wire at about equal intervals across the 
journal at right angles to the axis. 

3. Replace the liners, top brasses, and caps. 

4. Screw down hard and equally on the nuts compressing the 
lead wires. When set up hard and evenly the nut and journal are 
marked, in order to make the adjustment after removing the leads. 

5. The cap, brass, and liners are removed and the flattened parts 
of the leads measured by micrometer ^auge. The bearing is then 
adjusted and refitted by scraping or filing down the high places on 
the babbitt metal until the desired clearance is obtained. 

The cylinders are opened and their interiors, which should be 
bright and have a good polish, are carefully examined for ridges, 
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and then given a light coating of cylinder oil or vaseline, before 
they are closed. Care is taken not to close up the opening to the 
relief valves. 

(6) In the firerooms while in port the double-bottom compart- 
ments, bilges, and coal bunkers are inspected, and, if necessary, 
scaled and painted or red-leaded. All fittings to the bunkers, such 
as water-ti^t doors, bunker plates, valves, and fire-extinguiahing 
apparatus and fittings for ventilation, are overhauled and exam- 
ined. The boilers are cleaned and, if necessary, scaled. The 
tubes are swept and, when necessary, turbined. A "turbine" for 
tubining tubes is composed of cutters made to revolve by water 
pressure. These turbines are connected to a water hose and dioved 
through the tubes, the turbine's revolving cutters eating their way 
through the scale and grease deposits on the tubes. The grate bars 
are removed and all slag and clmker cleaned off, badly burned bars 
being replaced by new ones. The ash pits, furnaces, combustion 
chambers, and outside plating are all cleaned and, where necessary, 
scaled and red-leaded. In order to soften the grease, scale, and 
salt deposits (if any), a steam jet or the use of small amounts of 
kerosene are good. All tube sheets, crown sheets, tubes stays, 
rivets, and seams are examined for leaks and for pitting. "Where 
weakness is noted the parts are renewed. When ready to scale 
a cylindrical boiler the drains are opened, man and hand hole plates 
removed, and the air inside the boiler tested by a flame to see if 
it is fresh. All internal fittings, after scaling is fini^ed, such as 
** zincs," dry pipes, internal feed pipes, all supports, braces, etc., 
having been examined, cleaned, or renewed where necessary, the 
refuse is removed from the bottom of the boiler. The boiler is then 
given a thorough washing out. Gaskets for all plates are exandned 
and renewed where it is necessary. The cleaning is then con- 
tinued by giving the boiler a boiling out with boiler compound or 
soda. After this the boiler is allowed to cool, then emptied and 
all deposits at the bottom removed, and the boiler is filled with 
fresh water. The water tender in charge sees that the boiler is 
secured and makes a report to that effect to the engineer officer 
having the day's duty. 

(c) Generally, every other Wednesday afternoon, bags are 
inspected. The clothes sliould be neatly rolled up and stopped. 
The bag should be laid out in uniform manner, the blue uniforms 
in a straight line on one side with pea-jacket, socks, jersey, and 
flat hat; beside them in a parallel line, the white uniforms, under- 
wear, and white hats. When ready for inspection each man must 
stand up at attention to the right of his bag. Section leaders should 
see that the bags in their sections are laid out systematically in 
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Sarallel lines and that the clothes are laid with the name up. At 
ammock or bedding inspection the blankets are folded name out 
at one end of the hammock. The mattress cover is turned back 
lowing the man's name on the mattress. The lashing must be 
coiled down neatly. 

Sec. 2. Steaming Watches and Routine at Sea. 

(a) raising steam and getting ready to get underway — 

coal-burning boilers. 

The following is the procedure: 

1. The number of boilers to be used and the time of getting 
underway will be given, also the time of lighting fires. 

2. Previous to the above time a general examination of the boil- 
ers and all attachments, such as gauge glasses, should be made and 
everything put in readiness for getting up steam. 

3. Pump boilers to steam level, keeping the air cock open to 
allow the escape of air until steam has formed. 

4. It is ihe duty of the coal passers to get the coal out and place 
it in front of the furnaces of the boilers to be used. The firemen, 
when they receive the order, "prime" the furnaces — i. e., cover 
tlie grate with a layer of coal from 4 to 6 inches and within a foot 
of the dead plate. The water tenders see that the" gauge lights are 
in order and burning, that the furnaces and adi-pan doors of boilers 
not to be used are closed, and tliat their main feed and check 
valves, also their boiler stops, are closed. They have coal and 
broken wood piled in the furnace mouth, to be lighted with a 
handiul of waste if there is no other boiler in use for auxiliary 
purposes; otherwise the fires are lighted by shovelsful of live coals 
from the boiler in use. 

All water tenders are cautioned not to prime furnaces until the 
boiler is pumped up to steaming level. 

5. With Scotch boileis five or six hours are taken for raising 
steam, and with tubulous boilers two hours are generally consumed, 
except in case of great haste, when steam can be raised inside 
three-quarters of an hour. If the boilers are fitted with hydro- 
kineters they are started as soon as or a little before fires are lighted, 
steam being taken from the auxiliary boilers. If they are not 
fitted, in emergency, circulation may be assisted by drawing the 
water from the bottom of the boiler and returning it through the 
feed pipe by means of an auxiliary feed pump. 

6. While the boiler is warming up keep the air cocks open until 
steam has formed and is blowing through them. JCeep the furnace 
doors ajar and the ash-pit doors partly open. As the coal becomes 
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partly ignited, shove it back from time to time with the hoe, mix- 
ing it with the green coal at the back, supplying fresh coal in front. 
Keep the fires leveled off, and as bright patches show cover them 
with coal. Keep the fires back from the dead plate to avoid burn- 
ing the furnace-door liner. Also it is a bad plan to heap coal in 
the back part of the furnace as it kills the draft. 

7. As soon as steam forms the water tender reports that steam has 
formed on such and such a boiler. As the steam is rising in pres- 
sure the water tender has all drains that are blowing steam closed, 
the air cocks are closed and the safety valves are closed if they have 
been used in place of the air cocks and the steam pressure is allowed 
to rise. The safety valves are set and tested for the pressure 
required . The machinist mate, second or first class, who is detailed 
to scout up all leaks and remedy them, sets the safety valve at the 
desired pressure. The water tender allows steam in his boilers to 
rise until the safety is correctly set and then stands by with a 
pressure about five pounds below the safety valve setting. 

8. As soon as the safety valves are set the boiler stop valves are 
opened wide, very slowly^ cutting the boiler in on the main steam 
line which has been previously warmed up by having tibe boiler 
stop valve slightly cracked, bv the use of steam from the auxiliary 
steam line, or by the use of the by-pass on the bulkhead stop 
valve on the main steam line. The boiler should not be cut in 
on a main steam line already under steam until the boiler pressure 
is about 5 pounds above the main steam line pressure. The water 
tender now reports that he is ready for getting under way to the 
engineer officer of the watch. 

(6) WARMING UP — RECIPROCATING ENGINES. 

[See part 1, section 11. Prepaiations for getting underway.] 

1. A general examination to see that everything is ready and 
that the engines are clear of tools, etc., is made. 

2. As soon as steam is reported from the fiierooms as having 
formed start up the main circulating pump as follows: 

1. Open the steam exhaust and drains. 

2. Open the discharge to the main condenser. 

3. Open the main injection. 

4. Admit steam slowly to circulating pump engine, wanning it 
up and running it slowly. 

Then start up the mam air pump as follows: 

1. Open the steam exhaust and drains. 

2. Open the suction from the main condenser. 

3. Open the discharge to the hotwell or feed and filter tank. 
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4. Open the steam valve slowly, wanning the air pump engine 
up slowly, and keep an eye on the vacuum gauge to see that all 
is running right. The main condenser is now ready to receive tJie 
exhaust steam, and the auxiliary exhaust may be turned into it. 
Shut down the auxiliary condensers when the main are taking 
care of the exhausts. 

3. Open the main stop valve, bulkhead stop, having previously 
warmed the line by cracking the by-pass, and bring steam up to 
the throttle. 

4. Commence warming up the engines through the jackets. 
For this purpose a small line is lead from the main steam line 
called the ''jacket line." 

5. Put in the wicks. Start sight feed about eight drops per 
minute. 

6. See cylinder drains open. 

7. If in a hurry to get warmed up open the by-passes to the receiv- 
ers from the main line and warm up by admitting live steam to 
the cylinders. 

8. See that the stern tube gland is slacked back and that the 
worm from the jacking engine is disconnected. 

9. Admit steam to the reversing engine and see that its cylinder 
is well drained. 

10. Open the suction and discharge to the shaft bilge pump. 

11. Everything is now in readiness for trying the main engines, 
which is done about 15 minutes before the time set for getting 
underway. Get permission from the ofhcer of the deck to turn 
over the main engines, and having received such permission, pro- 
ceed as follows: The throttle is opened slightly and the links thrown 
over. Work tlie links back and forth until tie engine starts. Be 
careful not to keep the engine turning in the same direction too 
lon^; avoid getting way on the diip. A good plan is to run one 
engine ahead and the other astern, changing together. The water 
in the cylindeis should be gradually worked out through the 
cylinder drains. When satisfied that all is ready and the engines 
thoroughly warmed up, close the main-engine tiirottle valve and 
put links on the center. Now report to the oflicer of the deck, 
*'Main engines ready for getting underway." 

12. Stand by for a "signal." 

Getting underway with boilers using oil fuel is very similar to the 
above, except that oil is used instead of coal and the manner of 
lighting fires (burners) and using oil is discussed under the section 
describing oil-burning boilers. 
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(c) DUTIES OP A STEAMING WATCH IN THE PIREROOMS WHEN BURN- 
ING COAL. 

1. No matter how the speed of the engines is varied endeavor to 
keep the steam at a constant pressure and to maintain a constant 
steaming water level . The water tender will be advised in advance 
of all changes in speed and should check or force the fires as occa- 
sion arises. The nremen should fire regularly and evenly and use 
the slice bar as little as possible. 

2. Firing a furnace. — AH lar^e seagoing ships now have the 
standard time firing device, which at set mtervals shows a light 
indicating the number of the furnace that is to be fired, and the 
furnaces are fired in rotation. This has been described in section 
13, part 1, "Working the fires — ^Time firing." The coal passers 
get out the coal, which should be spread evenly over the fire in 
order that every sauare foot of grate surface may be used, and each 
shovel full of coal snould be spread over as much surface as possible. 
The fireman must take care tnat no holes occur at the back or sides 
of the furnace. This will be acquired bjr practice and training; 
water tenders should assist the firemen in becoming skilled in 
doing it. The fires should be carried at a uniform thickness of 
from 5 to 8 inches, under natural draft, a little heavier at the back 
of the grate and along the comers and sides keeping the middle 
leveled off even, and the fire bright all over. Firemen should take 
pride in not having smoky fires. To avoid this do not allow the 
coal to coke banked up in the front of the furnace, and then shove 
it back. This causes the formation of heavy clinker, and thus 
makes cleaning fires much harder. On opening the furnace door 
the fireman should look for the spot needing coal and not heave in a 
shovel full blindly. The places that have bum ed down to a dull red 
need a moderate supply of coal, those that have burned white need 
a sprinkling of coal, those places that are giving off smoke and flame 
are not ready for more coal. Slicing the fires should be done only 
occasionally in order to break up the clinker. The use of the slice 
bar not only causes a waste of coal, but makes more work for the 
fireman himself, for by wasting it he has to supply more himself. 
Keep the fires li^ht, fire regularly and evenly, ana the hard task 
of cleaning fires is much lightened. 

3. Cleaning fires. — Fires are cleaned in rotation every 12 hours, 
and the extent of the cleaning will depend on the amount of the 
slag and cUnkers on the grate bars. The front connection doors 
are sometimes marked with chalk, showing in what watch the fire 
is to be cleaned. The fire is allowed to bum down, is kept at an 
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even level, and the formation of holes avoided. The water tender 
should 80 regulate his water level that after the fires are cleaned 
and are coming up he mav slow down his feed, and thus auicken 
the formation of steam ana make it more regular. The coal passer 
leads out the hose and stands by to wet down the ashes. The 
damper is partly closed and with the hoe the fireman shoves the 
good fire on one side over to the other side. This leaves the clinker 
on that side exposed . He hauls the clinker out of the furnace with 
the rake or hoe and if it sticks to the grate bars the slice bar is used 
to loosen it. The coal passer wets the refuse. The good fire is 
now transferred back and the clinker left bare on the other side. 
This is hauled out and the good fire remaining is spread evenly 
over the entire grate. This good fire is now sprinkled with 
fresh coal, the damper is opened, the water tender slows down 
his feed and the fire is allowed to come up. An alternative 
method is to push the fire from one side to another. The coal 
passer now hauls the ash pans, being careful not to wet any part of 
the boiler when he floods them after getting the ashes out. On a 
long run the ashes and clinker will be foimd to settle more or less 
on the tubes and it becomes necessary to "sweep tubes." The 
connection doors are opened, having first closed the ash pit doors 
if the draft is great, and a flexible hose providing a steam jet is 
used for the purpose. Brushes are sometimes used but take 
longer. As soon as the watch comes on it is customary, on some 
ships, to start in cleaniDg fires. The fires are cleaned at intervals, 
and at different times, but all fires should be cleaned and ashes 
ready for hoisting by six bells; it is five bells on some ships. The 
fireroom floors should be swept up as clean as is consistent; and 
the coal for each hour should be got out at a quarter to the hour, 
keeping accurate count of the buckets as well as of the buckets of 
ashes. The water tender must keep the water level constant and 
if oil shows in the water column glasses the boiler should be given 
a slight surface blow. The bottom blow to boilers should never be 
touched unless in obedience to an order from the engineer officer 
of the watch. The strainers in the firerooms must be kept clean 
and clear. At the end of the watch, or about seven bells; coal 
must be got out for the relief watch, and the fires that are next to 
be cleaned should be allowed to bum down. 

4. To disconnect a boiler. — ^AUow the fires to bum down slowly, 
keeping them leveled off. Close the ash pit doors partly ana 
watch the steam-pressure gauge. As the pressure falls partly close 
the boiler stop valve. The self-closing boiler stop valve as shown 
in sketch No. 8 will generally take care of the steam, but it can not 
be entirely depended on as the drop in pressure is gradual. When 
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steam has ceased to form, close the main feeder valve and the 
boiler stop valve and shut off the feed. Give the boiler a slight 
surface blow to remove any oil or grease on the surface of the water. 
When the fires are dead, the furnaces are. hauled and the ashes 
made ready for hoisting the next time. 

(d) DUTIES OP A STEAMING WATCH IN THE ENGINE ROOM. 

The duties of each man are stated in detail in Part I. The 
machinist's mate of the watch observes the running of the engines, 
receives and makes reports, and keeps data up to date in the log. 
He keeps the water tender informed of every change in speed, and 
when maneuvering in squadron keeps the cut-ons well run out. 
He sees that each man aoes his duty. When coming into port 
notice is generally given one-half hour ahead of time, and the 
water tender must be notified. When given permission to secure 
the main engines the following procedure is carried out: 

1. Knowing what repairs are to be made, the engines should be 
stopped at the most convenient position. The bulkhead stop 
valves are closed and the cylinder and valve chest drains are opened. 

2. In the firerooms the fires are allowed to die out in all boilers 
except those to be kept for auxiliary purposes. The ash-pan doors 
are partly shut and the dampers closed. When the fires are dead 
and the boilers are cooled off the furnaces and ash pans are hauled. 

3. The wicks are taken out, and the oil cups and manifolds are 
well cleaned with hot water and a little soda. 

4. Set up on the stem ^land. 

5. Slow down the mam air and circulating pumps until the 
pressure in the boilers has fallen and the enpne is well drained. 
Then shut them down, connect the auxiliary exhaust to the 
auxiliary condenser, and shut the outboard delivery valves; to 
shut the main condenser down do in reverse order what is done 
on starting. 

6. AVash out the bilges with scalding hot water from the boilers 
and wipe all the oil lather from the engine parts. 

7. Clean out the main thrust bearings and cover with canvas to 
keep out dirt. 

8. Oil all bearing and then plug up holes with waste. 

9. Close the suction and discharge of the shaft bilge pump and 
clean out all strainers. 

10. If any bearing has had water used on it that bearing must 
be overhauled at the first opportunity. 

11. When secured, report to the officer of the deck, **Main 
engines secured . " 
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Sec. 3. Casualties Liable to Occur — Cause and Remedy. 

1. Collapse of furnace crown in Scotch boilers. — (a) This is 
generally due to the overheating of the plate, caused by carrying 
the ^ater too low or from oil and salt or scale deposits. 

(6) Allow fires to die down, unless the collapse is complete, when 
it may become necessary to haul fires. 

(c) Disconnect the boiler, and as soon as it has cooled down 
make an examination. 

(rf) If the crown is only bent, jack it back into place; if the 
crown is carried away, a new one must be put in place. 

2. Leaky tube, burst tube, in Scotch boilers. — (a) Plug the tube 
up with a tube stopper or with a pine plug. 

(6) This is genemlly due to the pitting of the metal or the 
splitting of the tube. It should not be necessary to haul fires in 
a cylinarical boiler. 

3. Leak in gland. — To stop a leak- in a gland, set up on the nuts. 
If the leak does not stop disconnect the line and renew the packing. 

4. Burst gauge glass. — (a) In the case of a Scotch glass close the 
upper end by tike chain gear from the fireroom floor, take out' the 
old glass and put in a new one. Open up the connections to the 
boiler. 

(6) To remove the glass as fitted to some Scotch boilers, close 
the valves K and L, sketch 24. 

(c) When a Klinger gauge glass goes, the glass is disconnected and 
taken down. 

(d) Come up on the nuts and take out the old glass. 

\e) Obtain an order from the engineer officer of the watch for a 
new glass. New glasses come packed in a pasteboard box with a 
sheet of asbestos. 

(/) Smear the ed^es of the metal case withwhite lead or, what is 
the same thing, white zinc, and lay the sheet of asbestos on it. 

(g) Insert the glass and cut the asbestos out around the line of 
the glass. 

5. Loss of vacuum. — Causes: 

(a) Faulty action of the valves or the carrying away of the 
valves. 

(h) Air leaks in the condenser. 

(c) Too much clearance space between the bucket and foot 
valves at the end of the stroke. 

((f) Cock in the connecting pipe to the vacuum gauge partly 
closed or a leak in the pipe. 

Remedy: 

(a) The main engines will have to be stopped and the pump 
overhauled. 
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(6) It is sometimes possible when steaming at slow speeds to use 
the pump in the other engine room or the hot-well pump to main- 
tain the vacuum until the main air pump can be repaired. 

6. Hot bearing. — Causes: 

(a) InsuflScient oil supply, due to either faulty design or neglect 
of duty of the oiler. 

(6) Dirt or grit in the bearing;. The presence of dirt can be 
discovered by the color of the oil and from particles of grit seen 
in It. 

(c) Not enough clearance space, bearings not in proper adjust- 
ment, or bad fitting. 

(rf) The brasses not set square. 

To cool: 

(a) Increase the oil supply and turn on the water service. See 
water service not clogged up. 

(6) If this has no effect, slack back on the bearing nuts a little 
bit and apply a solution of soft soap, oil, and water through a 
syringe. 

(c) Overhaul the grease pots and put in a mixture of finely ground 
graphite and grease. 

(d) If the bearing becomes hot, slow down the engine and cool it 
with an application of oil. Cold water should never be used on a 
bearing wnich is very hot, as it is liable to crack it, due to the rapid 
contraction. Cool the bearing first and then in an emergency keep 
a small stream of running cola water playing on the oumde of it. 

EMERGENCIES IN THE ENOINE ROOM (U. 8. 8. *'UTAH" AS EXAMPLE). 

8. Leak in main steam pipe: 

A. Close stop valves either side of leak if bad; let fires die out 
in boilers, discharging steam into leaky section. 

9. Main condensers lose vacuum: 

A. See pressure on steam glands and leak off properly regulated; 
see that main circulating and air pumps are running; examine all 
joints for leaks; examine vacuiun gauge and connections and see 
that it is not shut off. 

10. Main condenser heats: 

A. Speed up circulating pump; examine suction and discharge 
pipes and see that valves are open; injection may be clogged; blow 
out with steam. 

11. Main condenser circulating pump stops: 

A. Stop main engines and notify bridge and senior engineer 
officer; close all main injections; open main drain valves and try 
running by having pump^ in other ennne room take its suction 
through condenser via main drain, or allow water to back through 
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the condenser and discharge into engine-room bilges through main 
drain connection; then keep bilge clear by means of bilge pumps; 
this does not affect the other engine room; suction mimt also be 
created by putting the bilge pumps on the main drain through the 
circulating and rear manifola. 

12. Feed water heater leaks: 

A. If serious, cut out heater and repair. 

13. AH main feed pumps break down: 

A. Notify water tender; start auxiliary feed pumps and cut out 
main feed line in each engine room. 

14. Losing propeller: 
A. Stop main engines. 

15. Turbine strips blades. 

A. Stop main engines on affected side. 

16. Water in feed tanks becomes too hot: 

A. Look for drain blowing into tanks and see if air-pump dis- 
charge is cool. 

17. Fires in fuel oil double bottom: 

A. Turn on steam for smothering fire; considerable oil can be 
pumped out through suction until pump will not handle it; get 
water down through vent pipe if possible; use chemical fire ex- 
tinguisher. 

18. Steam pressure falls: 

A. Decrease firing interval and if necessary start forced draft 
blowers. 

19. Make up feed-pump breaks down and water needed: 

A. Open reserve suction to main feed pmnps; open reserve feed 
suction to main air pump. 

20. Gland steam fails: 

A. See main gland valve open and reducing valve working prop- 
erly; try taking steam from pockets of cruising turbines through 
gland line; that is, let the high pressure leak off, past the low- 
pressure glands. 

21 . Break down in either starboard or port fuel oil supply pumps, 
or both: 

A . Shift to other pump. If both break down, repair at leaat one 
before all settling tanks are empty. 

22. Oil pressure in fireroom fails: 

A. See settling tanks filled and suction valves open. 

23. Lubricatine pumps become too hot: 

A. Speed up oil cooling pumps and if necessary start other pump. 

24. Bearing overheated: 

A. Speed up forced lubrication and oil-cooling pumps, see bear- 
ing has proper oil supply, examine gland for any excessive steam 
leakage. 
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25. Lubricating oil pump breaks down: 

A. Use gravity tanks until supply is exhausted and then shut 
down main engfines; repair at once. 

26. Lubricating oil cooling pumps break: 

A. Use fire and bilge pump, through connection for this purpose. 

27. Shaft breaks: 

A. Stop main engines. 

28. Steering engine breaks down: 
A. Steer by hand. 

29. Leak in fuel-oil settling tank: 

A. Empty tanks and repair leak; see bilges clear of oil. 

30. Gauge glasses blow out on separator: 

A. Close gauge valve cocks and renew glass. 

31. Air pump breaks down: 

A. Use other pump through cross connection or use channel way 
suction to main feed pumps. 

32. Dummy clearances oecome dangerously low: 

A. Take clearances every few minutes. If necessary slow or 
stop and try shifting combination to force rotor out. An increased 
receiver pressure on any turbine will tend to force the rotor out. 

33. Water very low in feed tank: 

A. Take make-up feed. Make examination for cause. 

34. Lubrication oil drainage tank leaks: 

A. Repair leak and fill tank to working level. 

35. Feed tank overflows: 

A. Run water back into reserve bottoms. 

36. Fire quarters sound: 

A. Start additional fire and bilge pumps and close water-tight 
doors. 

37. Collision quarters sound: 

A. Close water-tight doors and be prepared to pump out 
flooded compartments. 

38. Abandon ship sounds: 

A. Send all men out of engine room except those absolutely 
necessary. 

39. Engine room traps do not work: 
A. Close and by-pass trap and repair. 

EMERGENCIES IN ENGINE ROOM DURING BATTLE. 

40. Port engine room bilges flooded: 

A. Pump out same with fire and bilge or main circulating pump, 
if necessary stop turbines on that side; run other engine independ- 
ently; close necessary bulkhead stops. 

88722*'— 15 5 
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41. Starboard settling tank punctured: 

A. When tank is empty, use other tank and pump oil out of 
bilges. 

42. Main steam line in port passageway punctured: 

A. Close bulkhead stop No. 3 fireroom and haul fires boilers 10 
and 12; close cross connection to port engine room, and cross con- 
nection to No. 3 fireroom. 

43. En^ne room tel^raph out of commission: 

A. Station man at speaking tube to central station. 

44. Shaft alley flooded: 

A. Pump out same with fire and bilge pump. 

45. Fireroom passageway flooded: 

A. Close water-tight doors in fireroom and in passage. 

46. Main condenser punctiured: 

A. Stop main engine on injured side; see auxiliary exhaust cut- 
out of that condenser. 

47. All starboard air compressors out of commission: 
A. Cut out starboard and use port compressors. 

EMERGENCIES FOR AUXILIARY WATCH. 

48. Leak in main steam line, port: 

A. Close bulkhead stop, No. 3 fireroom port, and close stop in 
port engine room outboard. 

49. I^ak in main steam line, starboard: 
A. Same as above, starboard for port. 

50. Auxiliary condenser loses vacuum: 

A. Speed up air and circulating pump; look for leaks and, if 
necessary, shin to other side. 

51. Auxiliary condenser heats: 

A. If in use speed up air and circulating pump; if not in use 
start same until cooled off; see s^ring-loadea valve closed. 

52. Auxiliary air and circulating pump stops: 

A. Tap valve lightly with wrench, and if unable to start shift to 
other condenser; examine steam and exhaust valves and see 
whether nuts on valve stem are in proper position. 

53. Both auxiliary condensers unavailable: 

A. Use main condenser; start main air and circulating pump; 
open main injection and overboard discharge; start feed pump on 
other side. 

54. Feed-water heater leaks: 

A. Shift to other side and repair leak. 

55. Evaporator discharge to feed-water tanks leaks: 
A. Shut down evaporator and repair leaks. 
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56. Evaporator dischaige to fireroom tanks leaks: 

A. Shift evaporators to ship's tanks or shut down and repair leaks. 

57. Feed and filter tank becomes too hot: 

A. Look for drains blowing; examine discharge from auxiliary 
air pump; speed up circulating pump. 

58. Feed water reading drops, showing a loss: 

A. Examine main feed line for leaks; if found, shift to auxiliary- 
feed and repair leaks. 

59. Reserve feed- water tank overflows: 

A. Shift to another bottom; if all tanks are filled shut down 
evaporators or shift to ship's tanks. 

60. Starboard main feed pump breaks down: 

A. Use feed pump on port side and shift to port feed-water heater, 
securing starboard pump and heater. 

61. Leak in fuel-oil bottom, double, C-94: 

A. Pump it out of bottom as rapidly as possible. 

62. All ^ectric lights go out: 

A. Light oil lamps for gauges, gauge glasses, etc. , and call dynamo- 
room watch. 

63. Make-up feed pump breaks down and needs water: 
A. Use main feed pump on reserve bottoms. 

64. Large leak in engine room or fireroom and fire and bilge 
pumps fail to keep down the water: 

A. Start main circulating pump and open main drain. 

65. Oil overflowing on decK from settling tank vent: 

A. Shut down pump; run oil back into bottom until tank is filled 
to proper level. 

66. Vapor coming out of after escape pipe: 

A. Look for leaks in safety valves and for steam traps blowing 
steam into feed tank; water m feed tank may be too low. 

67. Vapor coming out of forward escape pipe: 

A. Examine safety valves for leaks and examine dynamo hot 
well for excessive heat. 

BOILER-ROOM CASUALTIES. 

68. Unable to keep steam: 

A. Be sure all dampers and ash-pit doors are opened and fires are 
in good condition; start blowers to assist draft; notify engine room 
to keep temperature of feed water as high as possible; have time 
firing interval decreased and fire lightly; fires that are in need of 
cleaning the worst should be cleaned as soon as steam can be held ; 
then start blowing tubes and, if necessary, haul soot boxes; the 
cleaning of fires, blowing of tubes, and hauling of soot boxes should 
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be done gradually, so that steam can be held; evaporators may be 
shut down for a short period. 

69. Water out of signt: 

A. See that feed and check valves are open; close ash-pan doors 
and dampers; use try cocks; open drain from bottom of water col- 
umn and see if water or steam comes out; stop auxiliary machinery 
that can be temporarily spared; more force should be put on feed 
pumps; start auxiliary feed pumps; put out fires if water level does 
not snow up quickly; fire up on other boilers to keep up steam. 

70. Unable to run main feed pump: 

A. Start auxiliary feed i)ump in steaming fireroom; if this is 
impossible start nearest auxiliary feed pump to steaming boiler. 

71. Unable to run main feed pumps and auxiliary feed pump in 
steaming fireroom out of order: 

A. Run auxiliary feed pumps in fireroom nearest steaming boiler 
on main feed line; shut cut-out valve on main feed line in both 
engine rooms; then connect discharge from auxiliary feed pump to 
be used to main feed line, and feed steaming boilers through main 
feed check and stop valves. 

72. Failure of safety valve to work: 

A. Lift safety valve by hand gear in fireroom or lifting gear from 
berlh deck. If safety valve docs not lift at desired pressure use 
hand gear to relieve pressure in boilers, and check combustion by 
using dampers and partly closing ash-pan doors, and if pressure, 
still goes up put out fire with wet ashes. 

71. Leaky safety valve: 

A. Examine lifting gear to see if it is slack and free. If this 
gear is taut it probably is the cause of the leak. If valve still 
sticks lift with hand gear, then tap end of valve stem lightly; 
something may be under the seat, and lifting it will blow it clear. 

72. Tube blown: 

A. Notify engine room; see that dampers are closed. If neces- 
sary to clear firerooms of steam start blowers. Check combustion 
by closing ash-pan doors, extinguish fires with hose; also keep 
water in glass; cut out boiler by closing main boiler stop and keep 
feed stop and check valves open until fires are dead, then close 
thtm; put out fires first with wet ashes before hauling them; haiding 
fires increases the heat. 

73. Manhole gasket blown out or handhole gasket blown out: 

A. Send for boiler maker, as it may be possible to set up on the 
gaskets; make preparations for cutting out the boiler if it does not 
stop ; check combustion and let boiler die out and disconnect same ; 
make preparations for lighting up another boiler. 

74. Boiler casing leaking badly: 
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A. Patch large leak with sheet iron; fill small leak T^vith mag- 
nesia or asbestos paste. 

75. Serious ]eak in fireroom bilge; fire and bilge pumps will not 
handle it: . 

A. Use engine-room fire and bilge pumps to assist fireroom fire 
and bilge pumps. If necessary start main circulating pump on 
main drain. 

76. Burnt-out grate bars: 

A. Piish fire aside; tie new bar to slice bar and put in. 

77. Water salty in boilers: 

A. Test auxiliary condenser discharge, also dynamo air-pump 
discharge and water in reserve bottoms from which the feed is 
being used. 

78. One oil pump stops running: 

A. Start other oil pumg; then examine pressure gauge, governor 
gear, drain, exhaust, suction, discharge, valves, and cylinder drain 
of pump that had stopped. If pressure gauge is high burners may 
be clogged or shut on. 

79. Both oil pumps stop running: 

A. Examine steam and exhaust lines to see that all valves are 
open; examine valve gear of pump; see suction and discharge 
valves open. 

80. Burners (fires) go out: 

A. Stop blowers; make preparations for burning coal. If oil 
can be supplied in short time, light burners. 

81. Pressure falls in oil line: 

A. Notify engine room; examine settling tank; speed up pump 
and if neces.sary start another pump; test pump by closing oil line 
discharge valve. 

82. Oil on fire in fireroom floor plates or bilges: 

A. Use sand or ashes kept in buckets for this purpose, also wet 
ashes from ash pans; also staam hose kept connected ready for this 
purpose. If fire is extensive, close on-supply cut-out valve on 
berth deck or gun deck; shut off suction valve from settling tank 
and close doors. 

83. Gasket breaks or blows on oil-supply pipes: 

A. Use temporary patch or soft wood plugs if nature of break 
will permit. If a serious leak, shift to coal at once. 

84. Excessive pressure of oil: 

A. Shift to filter strainers not in use; examine, clean, and 
renew, where necessary, strainers that are clogged up or worn-out. 

85. Excessive temperature of oil: 

A. Throttle down on steam valve to heater or partly close drain 
from heater. 
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86. Air pressure fails; flames shoot out into firerooms: 

A. Decrease oil pressure either by shutting off burners or slowing 
down pumps until blowers can be speeded up to give sufficient 
air pressure. If blowers supplying air to ducts fail to run, close 
fireroom and start other blowers. 

87. Man seriously injured: 

A. Get doctor or steward; make preparations for removing him 
by way of engine room to sick bay; do not move man until medical 
assistance has arrived. Senior petty officer will make full and 
complete report of accident to engineer officer on watch for pur- 
pose of entering in log. 

88. Lower bunkers empty difficult to supply coal: 

A. Get men on watch that can be spared to trim coal to fireroom 
chutes, or such men that can be secured besides regular watch. 
One or two bunkers should be kept in reserve for hard steaming. 

89. Boiler primes: 

A. Reduce water to low steaming level and check combustion; 
notify engine room so that by-pass on separator traps can be opened ; 
also open by-passes of main steam line traps. 

90. Safety precautions in regard to newly opened bunker: 

A. No bunker shall be entered from above without first lowering 
a lighted candle and note that it bums brightly for several minutes. 

[Note. — Directions for remedying casualties apply for all cases 
underway, in port, or on auxiliary.] 

Sec. 4. Coamnq Ship. 

1. Preparations. — (a) The amount of coal in each bunker is 
estimated. 

(6) A coaling detail is made out with water tenders in charge of 
ganes of men working in the bunkers. 

(c) An inspection is made of the bunkers to see that all buckets, 
chutes, shovels, barrels, and trolleys are removed. 

(d) The coal chutes are rigged, bunker plates removed, coaling 
ports opened, and coaling screens rigged. 

(e) All coaling tools are made ready, such as shovels, weighing 
scales, and trucks. 

(/) All doors in the bunkers that are not required for passage of 
coal are closed. 

2. Coaling. — ^The coal is dumped into the bunkers through the 
coal chutes by the deck force, and it is trimmed in the bunkers 
and properly stowed by the engineer force, the water tender report- 
ing when their bunker is within a few tons of being full. After 
coaling, the temporary screens are removed and the coal chutes 
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are taken down. The bunker plates are replaced and made water- 
tight. All coaling tools are returned to the storeroom keepers and 
all hands start in cleaning ship on their cleaning stations. 

Sec. 5. Auxiliary Watches. 

1. An oiler and two or thred firemen are detailed to stand watch 
on the ice machines. They issue the ice only when ordered and 
are held responsible for the cleanliness of the plant. They are 
required to keep the ice-machine log, and record hourly the tem- 
peratures in the thermometer wells of the cold-storage compart- 
ments. 

2. Two coal passers and two firemen are detailed for day's duty 
in the steam launches for each launch. They take day on and day 
off generally. At sea they are required on some ships to overhaul 
the steam-laimch machinery and clean the machinery, getting it 
ready for service on coming to anchor. They watch the amount 
of coal and water in the steam launch, and when more is needed 
report same to coxswain. Steamers should as a rule be coaled and 
watered during the morning watch before breakfast. Steam- 
launch crews ma^r have to stand steaming watches at sea; if not 
they should practice firing and prepare themselves for promotion. 

3. Firemen stand watch on the evaporating and distilling plant. 
They are responsible for the cleanliness of the machinery and the 
eva^rator r<^. An evaporator ia practically a small boUer, ex- 
cept that steam is used instead of coal to evaporate the sea water. 
It has the following fittings: Bottom blow valves; gau^' glass, 
safety valves; feed check valve, through which water is forced 
into the evaporator by the evaporator feed pump; valve connec- 
tions through pipes to the distillers, second receivers, and con- 
densers; a brine pump for pumping out the brine. The steam 
used for evaporating the sea water is called the primary steam 
and is taken from the auxiliary steam line. The steam from the 
sea water is called the secondary steam, and when this secondary 
steam is used as primary steam in another evaporator the evaporators 
are said to be running multiple effect. At the end of each watoh the 
evaporators ars given a bottom blow. The pressure of the pri- 
mary steam as used varies from 30 to 60 pounds, and that of the 
secondary steam from 10 to 20 pounds. Tne primary steam is con- 
tained in coils or tubes. The secondary steam is contained in 
the shell outside the tubes. The water level should be kept regu- 
lar to prevent priming and the amount of primary steam regulated 
to the amoimt of water evaporated. The steam coils are fitted 
with drains, which should not be opened more than is sufficient to 



72 HANDT BOOK FOR ENLISTED MEN OP NAVY. 

drain hot water. Zincs are fitted for the same piu*pose as fitted in 
boilers. The evaporators are used to keep the fresh- water tanks 
full, on the feed tanks for make-up feed, and on the reserve feed 
bottoms for steaming water. The fresh water made must be tested 
with nitrate of silver each hour for freshness, and the density of the 
salt water should be over 4 at any time. 

4. Coal passers are detailed as messmen and for the care of the 
firemen's wash room. The yeoman is assigned to the log and store- 
rooms ; he is responsible for the books and stores (with the storeroom 
keepers) of the enigneer*s department. 

Sec. 6. General, Fire, and Collision Quarters. 

The stations of the men are as nearly as possible made the same 
as the pieces of machinery to which they are assigned. Several 
coal passers are assigned to the powder division, and at general 
quarters each man goes at once to the station assigpaed him by the 
powder division officer. The machine shop is utilized as a repair 
station. For fire and collision quarters the scope of the engineer's 
fore 8 is enlarged to embrace the berth deck between the limits of 
the fire and engine rooms. Creneral quarters is indicated by the 
ringing of the general alarm gongs^ loUowed by the bugle call. 
Fire quarters is indicated by the ringing of the general alarm gongs, 
together with and followed by the rapid ringing of the ship's bell — 
one stroke of the bell, fire forward; two strokes, fire aft. Signals 
vary on different ships. Collision quarters is indicated by the 
general alarm gongs, one blast of the siren, and the solenoid whis- 
tles. The signal to prepare to abandon ship is the provision call 
on the bugle. 

At clear ship for action the following is done by the engineer's 
force: 

1. Men detailed for the powder division go there at once. 

2. Fires are made ready for lighting under all boilers. 

3. The steam whistle and siren are drained and the steam shut off. 

4. All auxiliaries not absolutely necessary are shut down, and all 
protective deck stop valves to pipes above it are closed. 

5. Pressiu-e is put on the fire main. 

6. All pumps are put on the drains. 

7. Ashes are hoisted. 

8. Coal is trimmed down into the lower bimkers (not done for 
practice). 

At collision drill the closing of all water-tight doors and hatches 
in the engine rooms, boiler rooms, and their dependencies is done 
by the engineer's force. All available pumps are connected with 
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the flooded compartments or with the compartments Into which 
the flooded ones drain. 

At fire quarters the steam pumps are started when the alarm is 
sounded, and pressure is put on the fire main. Blowers that lead 
to the vicinity of the fire nnist be stopped. When getting under 
w&Yj coming to anchor, mooring, or unmooring, the men of the 
engineer force not on watch or especially stationed fall in at their 
quarters and remain there imtil pipe down or they are dismissed. 

Sec. 7. General Information. — Inspections. — Messes. 

Messes. — ^The captain of the mess, a petty officer, first class, is 
responsible for order and proper conduct of all men of the mess; 
also for the detail of mess striker and temporary relief when neces- 
sary. His authority can not be questioned, and he has full author- 
ity to give orders and directions to the messmen in regard to 
cleanliness and the manner of serving food. Complaints concern- 
ing food should come through the captain of the mess. 

Sleeping on billets. — -Men must sleep on their proper authorized 
billets, so that they can be called at night without trouble. Men 
who do not sleep on their billets will be responsible for being 
present when they are required, and the excuse that the messen- 
ger did not- call them will not be accepted. \ 

Quarters and drills. — ^Men must be on the alert and come to 
(quarters promptly when the calls are soimded. At regular morn- 
ing quarters all men that are not on watch and not at work will 
come. At quarters for coming to anchor and getting under way 
the en|[ineer's force may not be required to fall in; but all men 
who wish to remain on the upper decks must fall in and remain 
there until retreat. At all calls for general drills, general quarters, 
fire quarters, collision, engineer's force will proceed to their sta- 
tions unless ordered to the contrary. 

Morning quarters. — ^The following men of the engineer force 
should come to quarters in port: Messmen; auxiliary watch that 
had the 4 to 8 a. m. watch; dynamo, evaporator, and ice-machine 
men who had the 4 to 8 a. m. watch; steamer crew that has liberty 
day. Wash room keepers stand by their wash rooms. These men 
will be mustered and report made. At sea sections not on watch 
and all men not turning to on their stations ara generally required 
to muster at quarters. On Saturdays and Sundays all men not 
on watch or excused for work must come to quarters. 



PART IV. VALVES. 

A valve ia a gaM by means of which one compartment mav be 
connected with or shut off from another compartment, and for 
connectiiig pumpe to the pipea leading from compartmenta. In 
engineering, valves are found in many forms, but the essential 
features of all valves are the same. Steam to the main engines is 
controlled by either an ordinary slide valve or a piston valvs. 

SBcnoN 1, The Ordinaey Slide Valve. 



valve stem, this valve is contained vfithin a steam cheat filled witli 
live steam admitted by opening the ' ' throttle valve." The straight 
line a jI is the cylinder face or valve seat, and contains three open- 
ings or ports, of which 6 c and o fi are the sleam ports and e is the 
exhaust port. The amounts that the valve overlaps the steam 
ports, a b and h k, are called the steam laps, and the amounts the 
valve overlaps the eshauet porta are called the exhaust laps, c d 

The sketch 2 below shows an ordinary slide valve i'; valve atem t; 
ahead eccentric rod d; astern eccentric rod e; links, lever, and link 
block L, G, F; eccentrics B and C; eichaust port x; steam porta top 



HAHSY BOOK FOR ENLISTED HEH OF NAVT. 

When the operating 
lever IB worked the link 
slides in the block and 
places eillieT the ahead 
or astern eccentric rod in 
Une, and through these 
tlie valves are worked. 

Sketch 3 ahowa the rela- 
tive jMsitions of the valve, 
piston, crank, and eccen- 

tions in one stroke of the 
engine. 

In a the crank is on the 
top center, the piston ie at 
the banning of the down 
stroke, the valve is open 
to steam at the top end, 
the amount of the opening 
at 1 being called the lead 
of the valve. The angle „ 
P is called the angular Q 
advance ot the eccentric. | 
It is the size of the angle 
greater than 90° by wiuch " 
the eccentric is ahead ot 
the crank. If the eccen- 
tric were at h when the 
piston was at the begin- 
ning of the stroke the an- 
gular advance would be 
zero and there would be 
no st«am lead. 

In 6 the valve is at the 
end of its travel and gives 
full steam opening at 2 
and full exhaust opening 
at the bottom end. 

In c the valve has just 
closed the top end to 
steam at 3; this is called 
the point of cut-off. 

In d the valve has iust 
closed the bottom ena to 
exhaust at 4 ; this is called 
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Ko, 







the point of exhaust clo- 
sure. Thisoccursbeforethe 
end of the down stroke of 
the piston so that the steam 
remaining at the bottom 
end of the cylinder may 
act as a cushion in stop- 
ping the piston and chang- 
ing its direction of motion. 

In e the valve is just 
opening the top end to ex- 
haust at 5; this point is 
called the point of exhaust 
opening. 

In /the valve is just 
opening the bottom end to 
steam at 6; this point Is 
called the point of admis- 
sion. 

In g the crank is on the 
bottom center, the piston 
is at the beginning of the 
up stroke, and the valve 
is open to steam at 7 ; the 
amount that the valve is 
open is called the steam 
lead . The parts are in po- 
sitions exactly opposite to 
the positions in a. 

Sec. 2. The Piston Slide 
Valve. 

Sketch 4 shows the con- 
struction of a piston slide 
valve. It consists of the 
two pistons p p and the 
valve rod R to which they 
are both connected. These 
pistons are fitted with rings 
as shown. These rings 
spring out and make the 
pistons steam-tight, pre- 
venting leakage of steam 
from the steam space S to 
the exhaust space E. The 
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TluB valve is shown 
in sketch 5. The 
handle H is turned 
to the right in open- 
ing the valve, the 
threaded spindle or 
valve stem working 
in the yoke G and 
raising the valve v. 
The valve stem is 
made tie;ht by the 
gland and soft pack- 
ing, shown at P. The 
path of the water or 
steam through this 
valve ia shown hy 
the arrows. I ia the 
inlet, and is the 
outlet. 
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valve. By turning the handle to the right the spindle or valve 
eteai S is screwed into the nut N, whim worts up on the valve 
Bt«m, raia-ng with 
lie valve V. 
valve stem is 
id as shown at 
nd is made 
i-tight by a 
1 and packing 
Dwa enow the 

I valve. An 
id man en- 
> open or close 
ill think that 
not working, 
it see the stem 
;; but, as ex- 
Btem is locked 



the boiler is 
■ming steam 
iter than the 



ing pres- 

Older to re- 
lieve this 
cees pressure 
ralve called a 
[etv valve is 
tea between 
e boiler and 
Sketch 6. -? boiler stop 

valve or directly 
on the boiler. Sketch 7 shows a Duplex safety valve, one 
side being shown in eection, called "Duplex" as two valvee are 
fitted in one casing. X is the adjusting ring for the valve seat, 
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vhich u fitted in the casing A. The spring P ia of nickel-plated 
steel and of square section shown. The purpose of this ring is to 
adjust the amount of reductioD in preesure before the valve reseats 

after lifting. F la the compression ring against which the spring 
rests and is attached to the spindle T. As the pressure in the 
boiler becomes greater than that the 
valve F is set for, spring P will be 
overcome and the valve will open. 
To set this valve, the cap Sis taken 
oH by removing the pin J. The lock 
. nut / is then- slacked off and the 
adjusting head Z* set to the pressure 
desired. 



Sketch 8 shows the principle ot 
thisvalve. The valve K is secured 
to S, valve stem, as at t; and is made 
smaller in diameter where it passes 
through the threaded sleeve /■ t« the 
crossbar H. P works in a bushing 
N which is bolted to the handwheel 
IT and is free to rotate in the steel 
sleeve E. The bevel wheel P is 
screwed op and keyed To the bush- 
ing. Geared into this bevel wheel 
is another bevel wheel C.connected 
to the shafting D, by means of which 
the valve is opened or closed from 
deck. To open this valve the hand- 
wheel TTisturned, rotating the bush- 
ing JV, which raises the threaded 
sleeve P clear of the enlai^ed part 
ot the stem. The crossbar E is now 
Bkbtch 8. pulled up until the enlarged part of 

the stem brings against the sleeve 
F. In this valve I is the inlet and the outlet. The pressure 
of the steam in the boiler keeps the valve open. If anything 
happens to the boiler reducing the pressure oehind the valve 
or at I, the back pressure from the steam line will strike the top 
of the valve V and close it, shuttii^ the boiler oS of the main 
line. 
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Sbc. 7. BoiLEB CsBCK Valve. 
To regulate the amount of water that is supplied to a boiler, 
a "teed-check valve," aaahown in sketch 9, is fitted tj the water 
drum. The valve iteelf, r, isnot 
connected to the valve stem S, 
but lies on its seat as shown. 
The valve as drawn is open, and 
to close the valve the handle H 
is turned, lowering the Bt«m, until 
it is against the valve itseif. As 
the water from the pump enters 
thevalve it will raise Fand pai« 
through the outlet O. On the 
return stroke, however, all pres- 
sure is removed from the bottom 
of the V alve and if it were attach- 
ed to the stem it would remain 
open;thenthewater in the boiler, 
which is subject to the pressure 



of the Bteam, would 
flow back through 
the valve. But as 
soon as the pressure 
from the pump is 
removed, Uie valve 
is seated, or closed, 
by the presaure of 
the water and eteam 
' It the boiler. 




a Scotch water-gauge glass 



ThiB valve ia 
shown in sketch 10, 
which also shows 
the boiler. 



glass, packed at each end with a grommet and a gland. Hia the 
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handle by meana of which the rod R is moved in or out. If tbe 
glasa is broken, the equilibrium between the water in the boiler 
and that in the^laflaisdestroyed, the boiler pressure belM greater, 
and the ball B is forced into its seat.Bhutting the glaaa o&iromthe 
boiler. The broken glaae may now be removed and a new glass 
put in. When the new glass has been put in, the rod it ia pushed 
in by the handle and the ball B replaced in its pins P and the rod 
R drawn out again. 

Sbc. 9. Manifoli) of Valves. 

In order that a pump may be used on more than one compart- 
ment or line, a manifold of valves, aa shown in sketch 11 is fitted 
with a suction pipe. to the pump. A manifold conaiste of a valve 



Sketch 11. 

chest, fitted with a valve for each pipe that leads into it. lATien one 
valve isopen and the others closed, the water paaaes over the other 
valves, aa shown, to the suction pipe at one end of the valve chest, 
tothepump. Inthesketch, Fiathevalvechestj jj 30 are valves; 
S is the suction pipe to the pump ; P P P are pipes leading from 
compartments to the valves in the manifold. 



PART V. 
FIFINa. 

Section 1. Piping in General. 

1. Pipes are used on boaxd ship to convey the water and steam 
from one compartment to another; for instance, the main steam 
line conveys steam from the boilers to the engines; and the main 
feed line conveys the water from the feed tanks to liie boilers. 
The auxiliary steam and feed lines may also be used for the above 
purposes respectively, but they are more frequently used to convey 
the steam and water to and from the auxiliaries. 

2. Piping is usually distinguished by the material of which it is 
made— ^a) copper pipes; (6) brass pipes; (c) cast-iron pipes; (rf) 
steel pipes; (e) l^ui pipes; (/) steam and water piping. Until 
the time of the great increase of steam pressures, steam and water 
piping was generally made of copper, but as the steam pressures 
became so hi^h, steel piping has taken its place. 

3. Piping is also used on board ship to convejr the foul and fresh 
air, and this system of piping is called the ventilating system. 

4. Valves are fitted m piping to open or-close them from one 
compartment to another and to connect a line of piping to a pump 
which pumps water through the fVpo or discharges into it. 

5. Wnenever a material heats it is known to expand — ^i. e., be- 
come longer and broader. In order to take up this expansion 
in lines that convey steam, an expansion or * * slip " joint, as shown in 
sketch 12, is fitted. Use is also made of. large bends in pipes, 
which give to and take up this expansion. An example of this 
principle is given by the large bends in the steam line connections 
to the boilers. 

6. Pipes for conveying steam are lagged — that is, covered out- 
side by a coating of asbestos and canvas, painted, and this cover- 
ing prevents loss of heat from radiation. The material used is 
generally asbestos in forms ready-made to fit the pipes. This is 
secured to the. pipe with wires at the ends; then entirely covered 
with canvas, wnich is painted. 

Sec. 2. Slip or Expansion Joint. 

Sketch 12 shows the principles of a slip or expansion joint as 
fitted in steam lines to take up the unequal expansion due to 
the heating of the pipe by the steam. The pipe is joined to the 
joint by the flanges as shown, with 7, 1 inch bolts. The section 
P is free to move in and out of the gland G. The gland is packed as 
shown with Katzenstein's flexible metallic packing set up tight 
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BEITCH 12. 

Sec. 3. Macoub Stkainbr, 

Pipes leadii^ to the bilges, 
where there is much waste mat- 
ter and gtcBse that would clog 
up the pumps and valves, are 
fitted with a Macomb strainer, as 
shown in sketch 13. The pipe 
leading to the pump is joined to 
the suction box S of the strainer 
at the flange P. The pipe lead- 
ing Erom t^e bilge is shown at 
B. S is the strainer basket; and 
to remove it the screws DBato 
slacked off and thrown aside, the 
holding-down dog is raised, and 
tbe cover lifted. The basket is 
Skktch 13. removed, and to clean it steam 

may be blown through it, or, if 
the grease on it is verv thick, it may be placed in the ash pan of a 
steaming boiler and the grease will melt and run off. The arrows 
in the sketch show the path ot the water through the basket and 
strainer. They should be overhauled once each week and the 
baskets renewed when necessary. 
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Sec. 4. Main and Auxiliary Steam and Feed Lines. 

All main and auxiliary steam lines are made of seamless drawn . 
steel and fitted with flanges of steel, which are either stamped or 

J 




Sketch 14. 



forged, and the pipe either rolled or welded into the flange and 
beaded over flush with the face of the flange. The use of steel for 
steam piping presents the following advantages: Great tensile 
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strength; it costs less than copper and lasts longer; it has the dis- 
advantage of weight and the liability to corrode . The arrangement 
of the main and auxiliary steam lines is shown in sketches 14 and 15 
for two double firerooms. Slip joints are fitted in these lines— one 
in each fireroom compartment — to take up the expansion. The 
main steam line leads fore and aft through the fireroom compart- 
ments and direct to the throttle valve at the main engines. The 
auxiliary steam line leads from the boilers to all auxuiaries; it is 
generally placed below the main line in the firerooms. In all 




Sketch 15. 

steam-line connections to boilers the safety valves are fitted be- 
tween the boiler and the self-closinc boiler stop valve or directly 
on the boiler. The line from the boiler is fitted with a by-pass 
from the auxiliary line used for warming up the main line, and a 
main feeder valve for connection direct to the main line. There 
is also a cut-out valve fitted in each compartment, by means of 
which that compartment may be entirely cut off from the main 
line. After the main steam has passed the forward engine-room 
bulkhead, port and starboard, the two sides are cross connected 
to equalize the pressure. The steam then pajsses through the 
separator, where any water in it is thrown out. There is a large 
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globe valve fitted between this separator and the throttle valve 
csJled the main stop, which has to be opened before steam can 
be had at the engines. All joints between flanges in steam and 




exhaust piping are made tight by corrugated copper/ or fit^r 
gaskets set up by bolts and nuts . i ... ^^ '. 7..* . " 

The water in the boilers is converted into stesun^'IiyBicn goes 
through the stop valve and the steam line, and is [iii)RUed "^ ' 



n. goes 
4.Cthe 



^<^« 



«Sii 
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steam^ through a regulating or throttle valve to the steam chest 
and slide or piston valves to the engines; then it is exhausted from 
the low-pressure cylinder into the condenser, where it is converted 
into water. The air pump pumps this water into the feed tank, 
from which the feed pump puts it back through the feed line bmcL 
feed check valve into the boilers. An internal pipe is fitted to 
each boiler in shell boilers to each feed valve, ana also in tubular 
boilers. This pipe directs the incoming water. In shell boilers 
the main internal feed pipe usually runs above the tubes and points 
downward in the spaces oetween the tubes and between the shell 
and the adjacent nests of tubes on one side, while the auxiliary 




Sketch 17. 

line runs in a similar maimer on the other side of the boiler. In 
tubulou» boilers the feed check and stop valves are on the steam 
druQi; sjody owing to the height of these drums above the fireroom 
floom, £m^ for working them from the floor plates are provided. 
In <mer^bat the amount of water supplied can be regulated for 
each boU^A^arately without varying tne speed of the feed pump, 
^(m IftttiQir %B mted with a relief valve which functions if the pres- 
«iize on ^e feed line becomes excessive. The leads of the main 
^d auxilwy ^^^ ^^^ ^or two double firerooms are shown in 
4kel<;be9 16 gtid 17. 



PART VI. 

GAUGES. 

SscnoK 1. The Kunoer Gauge Giuisa. 

Ab shown below (eketch 18), thia condste of a reflex glasa — i. e., 
glaaeea Hcored on one side, which maltes the wat«r appear black in 
Qie glBBs, packed in the casing B viith sheet aabeetoe, and aet up 
n-ti^t by the ""*= <•<• >>>inwn 




Sec. 2. Steam Pressure Gauge, 

Bach boiler has attached to it one or more gauges, by means of 
which the steam presaure is indicated. Sketch 19 shows one 
o! the typee used in the Navy, with the screwed bezel or front, 
the glass cover and the dial removed. The double Bourdon 
spring 8 consists of seamless drawn tubing, elliptical in shape, 
and either plain or corrupted. The upper ends I>D are cloaed, 
and the lower ends open into the hollow socket C, which at E is 
connected by a pipe wilh the steam space of the boiler. The 
bracket B, fixed to the plate K, which ia fixed to gauge case, sup- 
ports the bushing for the axis uf the pointer and the pin for the slot 
m the sector JI. By the system oi levers, one end of which is 
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connected to the ends DD of the spring 8 and the oth3r to the 
tooth sector n^ any motion of D is multiplied and transmitted to 
a small pinion on the axis of the pointer and engaging with H. 
The spring 8, being elliptical in shape, with the longest diameter 
perpendicular to the curvature of the spring, any increase of pres- 
sure on the inside will tend to make the diameters of the ellipse 
equal, and thus cause the tubes to straighten; that is, move the 
closed ends away from each other. The elasticity of the metal of 
the springs, if not exceeded, will bring the ends back to their 
normal position when the pressure is decreased. A hairspring 
takes up the back lash in the movement when the pressure is 
going down, and a small pin on the dial stops the pointer at a 
little above zero. The springs are of such shape and strength 
that no permanent set is acquired under any pressiu'e shown on 
the dial. All interior parts are made of noncorrosive materials, 
and the movement is made as light as possible. The casing is 
made of brass, sometimes nickel plated. To prevent the ill effect 
of actual contact of the steam witn the springs, all gauges intended 
for steam must have a siphon fitted to Uiem below Ey as shown. 
The siphon is made by bending a complete circular loop in the 
pipe leading to the boiler (see sketch). In order that it may be 
effective, the siphon is made sufficiently large to contain enough 
water to completely fill the springs when imder pressure, and so 
fitted that this water seal will not be drawn out of the siphon 
when the pressure is off. A small cock, by which the gauge can 
be shut off, is fitted between the siphon and the gauge. The dial 
is generally graduated for every 5 pounds by comparison with a 
mercurial column. 

The pointer (hand) is shown reading zero "0'' at F. This is 
known as * ' gauge pressure — gauge zero. ' ' It is approximately 14 . 7 
pounds (or atmospheric pressure) above absolute zero. Hence, to 
obtain absolute pressures, add the barometric or atmospheric 
pressure to the correct gauge pressure. 

To make sure that all gauges on board ship give reliable indica- 
tions of the steam pressures, they are tested periodically. 

Sec. 3. Vacuum Gauges. 

These gauges are used for measuring pressure below that of the 
atmosphere, generally in inches of mercury, or, as tibiese are com- 
monly called, inches of vacuum. It is in this form that pressures 
below the zero on the above steam gauges are used and marked 
on similar gauges, called vacuum gauges. Absolute zero is a "per- 
fect vacuum. Hence barometrip or atmospheric pressure minus 
vacuum gauge pressure below gauge zero equals back pressure. 
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Sec. 4. Air-Pressurb Gauges. 

The usual method of measurii^ tiie sir 
pressure or the draft is by the difference 
in level of the water contained in the two 
legs of a gloss U tube, one end of which 
is open to the atmosphere &nd the other 
to the fireroom or duct under air pressure. 

Sketch 20 shows the ordinaiy air pree- 
Bure gauge without its case. The top of 
l«e A is led to the atmosphere when this 
gauge is used with the closed fireroom 
^stem, B beine open to the firerooma. 
When the closed ash-pit system ia used, 
A is connected to the air duct near the 
a^ pit, B being then open to the atmos- 
, phere in the fireroom. Scale C is grad- 
^ uated in fractious of an inch to represent 
the difference of level or pressure, the 
zero mark being at the middle of its height. 
When there is no pressure, the water level 
should be at zero. If it is not, water 
should be added or taken out in cwder to 
facilitate the reading of the scale. It will 
be readily understood that a pressure ex- 
erted on the water level in B, which will 
force it down 1 inch, will raise the level 
in .^ 1 inch, and that the pressure is ei^ual 
to that of a column of water 2 inches hirfi. 
This is therefore the air pressurB in the 
fireroom or air duct. The scale may be 
more conveniently arrai^ed by adopting a 
sliding scale, graduated from zero up. 
When a difference in the two legs is 
shown, the zero of the scale is put oppo- 
site the lower level, and the reading of 
the air pressure taken from the hirfier 
level. In this case uo attention need be 
paid tothequantityof waterintheU tube. 

As the air pressure is freguentlv given in 
ounces (per square inch), it will be well to 
show the rebtion between inches and 
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A cubic foot of fresh water at 62*^ F. weighs 62.355 pounds; or a 
column of water 1,728 inches high and having an area of 1 square 
inch will weigh the same, or, in other words, exert a pressure of 
62.355 pounds per square inch. Therefore 1 pound per square 
inch would be exerted by a column 1,728/62.355=27.712 inches 
high, or 1 ounce per square inch by a column of water 1.732 inches 
high. Taking the reciprocal of tnis, 1 inch of water column is 
equal to a pressure of 0.577 ounces per square inch. 

Therefore, if there is a difference of 2 inches in the heights of 
the water levels in the legs of the U tube, we know at once that 
the air pressure in the fireroom or duct is equal to 2X0.577, or 
1.154 ounces, per square inch. If the difference is 3 inches, the 
pressure is 3X0.577, or 1.731 ounces per square inch. 

Example: Suppose B open to a closed fireroom which is under 
air pressure from the forced draft blowers; A is open to the atmos- 
phere. Suppose the water legs show heights at A ^. Then we 
will have 2+2=4 inches of air pressure, which is equal to 
4X0.577=2.308 ounces per square inch. 



PART VII. 
PUMPS. 

Section 1. General Discussion op Pumps. 

A pump is a machine by means of which water or any other 
liquid is transferred from one place to another, and consists of a 
steam cylinder containing^ piston upon which the steam pressure 
acts, driving a plunger or bucket contained in a water cylinder, 
fitted with suitable valves admitting water, the suction, and for 
discharging water, the discharge. Pumps are used on board ship 
for the following purposes: 

1. To supply water to the boilers. 

2. To pump out bilges and double-bottom compartments. 

3. To supply water as follows: 
) To the fire main. 
) For deck purposes. 

[c) For flushing out the heads. 
t) To the main and auxiliary condensers and to the evaporators. 

(e) For distilling purposes. 

Pumps are either single-acting, double-acting or duplex. A 
single-acting pump is one that discharges water once every double 
stroke — ^i. e., for a vertical single-acting pump, the pump takes 
water through its suction on the up stroke and discharges it through 
its discharge on the down stroke. A double-acting pump is one 
that discharges water on every sLDgle stroke. A duplex pumi> is a 
combination of two pumps placed side by side, in which the piston 
rod of one pump actuates the valve movement of the other pump. 
Liners are frequently fitted in pump cylinders. They protect the 
cylinder from wear and when worn out can be renewed at small 
cost. 

Pumps are named according to the duties that they perform, 
and below are given the suctions and discharges of the important 
pumps in the engineer department. 

Sec. 2. Main Circulating Pump. 

The duty of this pump is to supply the cooling water to the main 
condenser. There are two suctions and one discharge: (a) Suction 
from main injection, discharging through the main condenser over- 
board ; (6) suction from main drain and discharge overboard. 

94 
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Sec. 3. Main Aib Pump. 

This pump maintains the vacuum in the main condenser by 
removing the air and condensed water, discharging to the feed and 
^ter tank. 

A sketch of main condenser with its connections is shown in part 
12 , " auxiliaries . ' ' Sketch 21 (see p . 96) , " main air pump , ' * dio ws 
this pump with a walking beam * *a, * connection to the low pressure 
engine. It may be an independent pump worked by an engine of 
its own. By the connections 6 and c the pump piston P carrying 
the "bucket" with its valves as shown is worked up and down. 
On the up stroke the foot valves are open and water and air are 
drawn in to the bottom of the pump through the suction from the 
main condenser. The bucket valves are closed. The head valves 
are open and the bucket contents are discharged through the 
delivery to the feed tank or hot well. On the down stroke the 
head valves are closed, the foot valves are closed and the bucket 
valves open, allowing water and air to fill the space above the 
bucket. 

Sec. 4. Main Feed Pump. 

Used for feeding the boilers. It has a suction from the feed 
tanks and discharges to the boilers through the main feed Une. 

Sec 5. Auxiliary Feed Pump. 

Used for feeding the boilers through the auxiliary feed line from 
the feed tanks, and is available for use in case the main feed pumps 
fail to feed. This pump may also be used for other purposes and 
has the following suctions and discharges: 

Suctions: (a) Auxiliary feed Une; (6) double bottoms or reserve 
feed tanks; (c) suction from another boiler. 

Discharges: (a) To boilers; (6) to reserve t^nks or double bot- 
toms; (c) to main feed tanks. 

Sec. 6. Fire and Bilqe Pump. ^ 

Suctions: (a) Shaft alley; (6) sea; (c) crank pit; {d) main drain; 
{e) engine-room bilge ;(/) secondary drain; (a) drain to after system 
and to drain D-8 to shaft alley manifold; (h) is fitted with cross- 
connection to the fire and bilge pump in the opposite engine room. 

Discharges: (a) Fire main and flushing s^rstem; (6) overboard. 
This pump is also fitted with a valve for cutting out the secondary 
drain and one for cutting out the after system. 
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Condense: 
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Sec. 7. Distiller Ptjmp. 

Thb pump circulAt«s tbe cooling water through the distiUera. 
It may also fie ueed to feed the evaporators with sea wat«r, but moat 
ahipa have a apecial pump fitted (ot that purpose, called the evapor- 
tor feed pump. 

Sec. 8. Frbsh-water Pump. 



!. 9.' Hot-well Pump, 

rnble 

Suctiona: (a) Main feed tank; (S) air-pump 
chaDuelways; (e) freah-water connection to 
diip's side; ((f) reserve feed or double bottom 
tanks. 

Discharges: (a)Maiii feed tank; (2))main feed 
pump; (e) double bottom or reserve feed tanks. 

Sec. 10. The SiNQLE-AcriNa Feed Pump. 

In 8kef<^h 22 a 

ji^le-acting forc_ ,. _ ... __ ..._ .. 

raised or lowered by the steam pressure within 

lie steam cylinder L, the water plunger Wis 

raised or lowered in the water cylinder H. As 

the water plunger is raised on the up stroke, 

the foot or suction valve C lifts and water is 

drawn into the water cylinder through the Sketch 22. 

auction S. The delivery valve is kept closed 

by its spring. On the down slj^ke the pump forces the water 

against the upper side of the foot valve and cloees it. and against 

the bottom side of the deliven^ valve, which opens, and the water 

is discharged through E and D. 

Sec. 11. The Docble-Actino Pump. 

In sketch 23 is shown the construction of a double-acting pump. 
As shown in the sketeh the pump is starting on a stroke in the direc- 
tion of the arrow. The plunBer, moving to the left, forces the 
delivery valve D open and discha^ee Uie water, the spring S 

88723°— IB 7 
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and the force of the water keeping the valve v closed. The oppo- 
site is taking place in the right-hand section of the pump. The 

spring S closes the delivery valve, 
and the suction valve V lifte, allow- 
ing water to enter, which will be 
discharged as before on the return 
stroke of the pump. 

Sec. 12. How to Start a Pump. 

When desiring to start a pump 
the following procedure must be 
carried out: 

1. See that the exhaust is open. 

2. See that the discharge is open. 

3. See that the suction is open. 
Having made c ertain of the above, 

admit steam slowly, keeping the 
drains open, allowing the pump to 
warm up gradually. In starting 
the main feed pumps, the water 
Sketch 23 cvlinder may be full of water and 

the pump water bound. In this 
case open the relief valves on the water cylinder until the pump 
runs without pounding. Always start a pump up slowly, allowing 
plenty of time for it to warm up. 




PART VIII. 
BOZLSSS. 

Section 1. The Scotch or Oyundbical Boiler. 

1. Sketch 24 (see p. 100) shows a front and side elevation of a 
single-ended Scotch shell boiler with four furnaces. The cylin- 
drical shell is closed at both ends by the flat heads H and W. 
Inside of the shell are built the combustion chamber C and the 
four furnaces F, also the four nests of tubes that are expanded 
into the front and back tube sheets 8 and S\ Above the water 
level WL are the steam spaces SS and the through stays Y. The 
coal is burned on the grate bars G; and the products of combus- 
tion, heat, flame, and smoke, pass as shown oy the arrows — first 
into the combustion chamber C and then through the tubes out 
into the uptake U to the smoke pipe. The water gauge is shown 
at Wg and is connected to the top and bottom of the boiler by the 
valves jK'and L, S/is the safety valve fitted between the boiler 
and the boiler stop valve W. The dynamo stop valve is shown at 

Yin the end view. GGG are the try cocks, and / is the connec- 
tion to the boiler for the hyrdokineter. 

2. In order to increase the strength of the boiler, stay tubes are 
fitted among the ordinary tubes. These tubes are shown in 
sketch 25, and the stay tube is fitted with a cast-iron ''ferrule,'* as 
shown, on the fire side, to protect it from the heat of the gases of 
combustion. An ordinary tube is expanded into the tube sheet 
and beaded over, while a stay tube is threaded and screws into the 
tube sheet. 

3. To furnish strength to the crown and walls of the combustion 
chamber, girders, and screw stays are fitted, as shown in sketches 
26 and 27. 

4. When a tube goes — that is, bursts — ^instead of having to haul 
fires and put in a new one, a tube stopper, as shown in sketch 28, 
is used. C is the tube and A and B the front and back tube sheets. 
The stopper consists of the iron rod R with the nuts T and N, and 
the pipe W, which is shorter than the rod. There are four washers, 
one oeing larger and the other three smaller than the tube itself. 
Between these washers, rings of rubber or of some soft gasket 
material are placed, and on the fire side asbestos is used. When 
a tube is to be plugged, the end T is pushed in until the washer 

99 
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Sfc. 2. Wateb-Tubb Boiler. 

In a, water-tube boiler the water, instead of beiM cuniaiQed in a 

SUndrical shell, as in a Scotch boiler, la contained in a drum and 
e tubee, the products of combustion passine outeide the tubes and 
not through tnem as in a Scotch boiler. Sketch 29 (see p, 102) 
shows the arrangement of the parts of a Babcock & Wilcox Doiler. 
Water fills about half the drum and part of the top 4-inch tubes. 
The water passes from the drum down through the front headers, 
through tlie tubes to the back headers, up the back headers, and 
through the top 4-in(h circulating tubes to the drum, where the 
baffle plate 43 separates the water from the steam and allows the 
steam to pass up to the dry pipe 1. The course of the products of 
combustion, shown by wavy lines, is up through first pass, down 
through second pass, and up through third pass. 
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The following list shows the correct names for the different parts 

' the boiler and these names should always be used ; 

11. Croas box header nipple. 

12. End cross box nipple, 

13. Cross box. 

14. Side box nipple front. 

15. Furnace door. 



1. Dry pipe. 

2. Gaugc-^lass fittinga. 
.3. Scum pan. 

4. Drum downtake nipple. 

5. Dog, 

6, Front header, 

7, Front tube door, 

8. Lower ride cleaning door. 

9, Butterfly nut. 
10. Roof. 



16. Dead plate, 

17. Ash-pan door. 

18. Upright front right comer. 

19. Front right shoe. 

20. Grate bar. 
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21. Bearer bar. 

22. AahpoR. 

23. Side box. 

24. Roof block. 

25. 4-inch side tube. 

26. 4-iDch geneiatiiig tube. 

27. Rear doeinR-in pkte. 

28. Rear right shoe. 

29. Bridge wall. 

30. Upright rear right comei 

31. Side boi nipple rear. 

32. AsbcrtosimUboard. 



. Magnesia blocks. 

34. Bridge wall back plate. 

35. I beam. 

' '. Rear tube door. 
. Rear header. 
. Peep hole, 

39. Flame plate. 

40. Baffle plate. 

41. Upper side clean jpg door. 

42. 4-iiich circulating tube. 
13. Baf!e plate. 



Sh^islk 30 ^OWB the coDBtraction of tiM casing trf thfi boiler and 
the wa; in which tk« five bricit, aebeMos millboard', and magnesia 
blocks am- placed on the side of the boiler. 
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Sketch 31 shows the way in which the superheaier is inatalled on 
a Babcock & Wilcojt boiler. The superheater rosta on the back 
headers and 4-inch citculatii^ tubes and the steam is admitted 



to the superheater by an outade pipe connectiDK to the drum. The 
square parta of the superheater are called aupernealcr boxes. The 
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division plate in its center, so that steam enters one end of the top 
superheater box, makes four passes through siiperheater tubes, and 
leaves the top superheater box at the other end. In this boiler the 
baffle plates are arranged so that the superheater is in the first pass 
of the products of combustion. 

Sketch 32 (see p. 106) shows a late type of Yarrow boiler fitted for oil 
burning. In this boiler the feed water enters the top of each lower 
drum and is discharged through an internal feed pipe extending the 
whole length of the drum, and by a baffle shown in the left drum the 
water is forced to pass up the outer rows of tubes into the steam drum. 

Sketch 33 (see p. 107) shows a Normand boiler. The lower 
sketches show how the tubes are arranged so as to form an inner 
and outer wall of tubes, so that the products of combustion are 
forced to pass to the back of the boiler and into the nest of tubes 
instead of^passing up around the drum. 

Sec. 3. Notes on Oil Burning. 

In order to obtain perfect combustion of the fuel oil it must be 
reduced to a fine spray and the correct amount of air brought into 
contact with it. The mixture of air and oil spray burned in a 
furnace must find sufficient space therein for complete combustion 
before the gases come into contact with the heating surfaces. 

Some oils may be so heavy as to require preliminary heating 
before they can be pumped, especially so in cold weather. 

The following terms apply to oil burning: 

(a) Drooling, in which the oil oozes out on the steam or air jet. 

(6) Automizing, in which the oil is swept from the orifice by the 
steam air jet or pressure. 

(c) Chamber, m which the oil mingles with the steam or air in 
the body of the burner, and the mixture issuing from the nozzle 
is broken up into minute particles by the expansion of the steam. 

(d) Mechanical spraying, effected by mechanical means without 
the use of air or other atomizing agents. 

An oil burner should have the following re(]uirements well met: 
Ease of installation, removal, and construction such as to admit 
rapid inspection; easy removal of foreign matter; rapid and cheap 
renewal of parts. 

"When through with a boiler or when cutting out a burner, espe- 
cially one having a spindle taper pin valve to close the tip orifice, 
the entire burner should be removed and cleaned and not closed 
by screwing home the tAper valve, as this is bad practice, resulting 
in enlargement of the hole in the tip. 

The oil to be used must be thoroughly strained. 

Sketch 34 (see p. 108) shows the arrangement of the burners and 
air registers as fitted to the Yarrow boiler installation at the fuel-oil 
testing plant, navy yard, Philadelphia, Pa. 
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In the Bketch, A is the air regia- 
tere, B ia the burner, C ia the oil 
cock, Fia the fire-clay cylinder, E 
ia the handle for removing the 
burner, 57 is the handle for oper- 
ating tJie slides for r^utating the 
air supply, S is the thimble strain- 
era for stiuming the oil. 

Sec. 4. Fuei^oil Heater. 

Sketch 35 shows a corrugated, 
spiral, film design of fuel-oil heater, 
"nie oil is supplied to tjie heater 
from the tanks by suitable connec- 
tiona with the oil pump. 

The oil enters at EO and passes 
up through the film in a spiral 
path, leaving the heater at DO. 

The heating element, steam, en- 
ters the heater at £S, and by means 
ofthebranch pi peiscarried between 
the shell and the outer tubeand also 
insidethoinnertube, the condensed 
Bteam . water, drainingoff at i)5, thus 
giving the desired counter- current, 
which adds materially to the effici- 
ency of the heater. 

TTie heater is made of rolled cop- 
per tubes and cast-iron (some times 
bronze) eh ells. 

The heater is suitably "ia^ed" 
as shown at C and M. 

The fiiugs F and P are removed 
whenitisdesiredtocleanthebeater. £ 
A steam nozzle inserted at one end qj 
and steam at a high pressure blown ' 
through the film space will remove 
nearly all the accumulated oil and 
sediment. The inner tube may be 
removed when necessary through 
the upper end. 

.ff is a plug for rapid draining of 
the steam side. 

The capacity of these heaters is 1 
to 4 units. 200 to 11,000 pounds of oil 
per hour. Sketch 35. 



PART IX. 
BSCIFBOCATUla EKGINES. 

Section 1. General Description of the Main Engines. 

In the following desciiption of naval engines the type selected 
for illustration is that of the armored cruisers Tennessee and Wash- 
ingtoTif shown in sketches 86, 37, and 38. The different parts are 
simply given by name and will be explained individually in 
later sections of this part No. 9. The engines are of the vertical, 
inverted cylinder, direct-acting, triple-expansion, four-cylinder 
type, placed in water-tight compartments, and separated by a 
middle line bulkhead; i. e., there is a port engine room and a 
starboard engine room. As the size of the low-pressure cylinder 
for the required povfsr of a three-cylinder triple-expansion engine 
would be too lar^e for practical installation on board ship, the 
power is divided between two low-pre88iu*e cylinders whose com- 
bined volume (size) is equal to that of the single cylinder, and in 
order to obtain good balance to make the engine run smooliily and 
to reduce vibration, a low-pressure cylinder is placed at each end. 
The order of the cylinders, then, beginning forward, will be 
forward low-pressure (F. L. P.), high pressure (fi. P.), intermediate 
pressure (I . P. ) , and tne after low pressure (A.L.F.). The forward 
low-pressiu'e and the high-pressure cranks are placed opposite 
from each other; i. e., when the H. P. piston is at the beginning of 
a stroke, the F. L. P. piston is at the end of a stroke, and the cranks 
are 180° apart. The I. P. and A. L. P. cranks are likewise opposite 
each other, but this set is placed at right angles to the first set; 
i. e., the I. P. crank is 90® from the H. P. crank. The sequence 
of cranks then will be H. P., I. P., F. L. P., and A. L. P. 

Referring to the vertical section through the engine center" 
steam on being admitted by the throttle valve enters the middle 
space of the fl. P. valve chest, as the distributing valve within the 
valve chest is in this case an inside valve; i. e., the exhaust is on 
the outer sides of the valves, the reverse to the arrangement of 
the steam and exhaust ports, as shown under the slide valves, 
Part IV, section 1. This valve is of the cylindrical or piston type, 
and is the type fitted totiiel. P. and H. P. cylinders of the engines, 
using high-presaure steam. (See Part IV, sec. 2.) The piston 
valve is connected to the valve stem which passes through a stuffing 
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box at ita lower end and is connected to the valve gear and eccen- 
trics, from which it receives an up-and-down motion, thus causing 
&e valve to alternately open and doee the steam ports giving 
communication through the paesagee 54 and 56 to the ends of the 
cylinder. 



By thus admitting steam alternatelj to the upper and lower ends 
of the cyhnder the steam jii^ton 11 driven, up and down, iMs 
reciprocatory rectilinear motion being converted into circular 
motion at the crank shaft through the connecting rod and crank. 

After thesteam has utilized Its energy in driving the piston, it is 
exhausted at the end of the stroke, the ■valve having moved so as 
t« admit live steam at the opposite end, while the other end is 
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exhausting through the same passages and ports by which it 
entered, but passing out by the opposite edges of the valve into 
the exhaust chamber, which in this case is at the end. This space 
is connected to the I. P. receiver pipe. By the term receiver is 
meant all the space between the piston at the end of its stroke and 
the valve in the succeeding cylinder. 

The exhaust steam from the H. P. cylinder passes from the 
receiver pipe into the valve chest of the I. P. cylinder, where it 
acts as aamission steam for that cylinder. Owing to its expansion 
in the H. P. cylinder and receiver, the pressure is less and the 
volume is greater than on admission to the H. P. valve chest. 

From the increased size of the I. P. cylinder a larger valve is 
necessary, which, in this case, is obtained by two piston valves 
side by side, similar in their parts and acting in the same manner 
as a single large valve. The valve stems are both connected to a 
yoke and are driven by the same (one) eccentric. 

After the steam has performed work on the I. P. piston it is 
exhausted into the L. JP. receiver pipes. These consist of two 
pipes leading from the exhaust space of the I. P. valve chest, one 
section leading forward to the forward L. P. valve chest, and the 
other leading aft to the after L. P. valve chest, where the steam is 
distributed to the cylinders in the same manner as before by the 
aid of two distributing piston valves. From the L. P. cylinders 
the exhaust steam passes into the exhaust cavity in each valve 
chest and from there it is carried through the main exhaust pipe 
to the main condenser. (See Part XII, sec. 1.) 

The reciprocating motion of the valve is given by an eccentric 
secured to the revolving crank shaft and transmitted by means of 
the valve gear, consisting in this engine of the Stephenson link 
gear. The valve rod is connected to a block sliding in a curved 
link whose extremities are connected to the ends of the ec- 
centric rods of two eccentrics on the crank shaft. One eccentric 
is used for the ahead motion; this rod is straight, while the other 
which is a bent rod is fixed on the shaft in a condition to give 
motion astern. Only one eccentric at a time gives motion to the 
valve, the valve steam being brought into line with the ahead or 
backing eccentric rod by sliding the link over the link block 
by means of the reversing gear. The link for each cylinder is 
connected up to a reversing shaft so that when the links are thrown 
over to the position desired they all move simultaneously. 

The piston works steam tight within the cylinder and is secured 
to the upper end of the piston rod; and at the lower end of the 
piston rod connection is made with the crosshead, consisting of a 
rectangular block sliding upon the crosshead guides or slides. 
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These guides are secured to the engine frames. Extending out 
longitudinally on either side of the body of the crosshead are two 
crosshead pins for the attachment of the forked end of the con- 
necting rod, each branch being provided with a bearing and con- 
nections for one of the pins. The lower end of the connecting rod 
is connected to the crank pin by means of brasses and caps. 

The cylinders are supported by the engine frames and consist in 
this engine of six front and back columns, each athwartship pair 
of columns being connected together by diagonal braces, and all 
tied down fore and aft by horizontal and diagonal tie-rods. The 
tops of the colunms are forged, flanged, faced and secured to the 
cylinder casting, and at the Dottom to the bedplate. The bedplate 
consists of longitudinal and cross girders of cast steel, and is secured 
to the engine Keelsons which are built up with the hull of the ship. 

The crank shaft is made in two sections^ each section having two 
cranks and coupling disks, the sections being coupled to each other 
and secured by means of large coupling bolts and nuts. 

The crank shaft is held in a number of main bearings fitted in 
recesses in the cross girders of the bedplate. These bearings con- 
sist of two basses, upper and lower, lined with white metal to 
reduce the friction and secured by the main bearing bolts. The 
main journals revolve within these brasses, a journal being the 
technical name given to that part of the revolving shaft inside the 
bearing. Two main bearings are usually fitted to each crank, 
placed as close to the crank arms as possible. 

The crank is composed of two crank arms or webs and a crank pin, 
this latter forming a journal for the crank-pin brasses on the end 
of the connecting rod. The whole crank is in one piece with the 
shaft for naval engines, forged solid and afterwards machined to 
the proper shape and size. The space recessed in the engine 
frame under the crank is called the crank pit. 

A reversing engine is mounted on the bed plate as shown in the 
elevation of the L. P. cylinder, sketch 37, and is used in moving 
the reversing shaft, thus throwing, the links from one position to 
another much more quickly and conveniently than by hand 
power. 

A turning (jacking) engine, shown in the sketches, is fitted to 
to each main engine, so that they may be turned without steam 
on the main pistons. The en^nes must be moved in port to pre- 
vent sticking in any one position, to keep the cylinder surfaces in 
better condition^ for the work of repairs, adjustments, and over- 
hauling. 
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"<>* ^-"- - ^ -X- :'c r d -^^"3. > kj^fc i^*i :t seazk* t< this valve the 
-^••" ' ^5- • .* >• • -r :ii*-cLi»-* "v-i T-iit "ije ^■*»«^ steam Line. 

::^*iK£ «c» '^L*^ — "^.-i- i- i ar^ TTilTip !itted in the main 
' . * ••► :-ir^ ilj^ -^"^f :iie :^oes&sx i^neiated in the 



H >!». >w ^ « , , 



^-' -'t.'ciir Tin.'^ fC^^^LB. Ii:3e in the engine 



*"* - * " - ^ "«' livj I -w -sc.^ajt X' :aj* iBtia ?nsine throttle 



>>. 



frn^ "iir^citt* '«a£>e. — -?~i' "rry vxhr* the amount of 

^ "*^ * " '^ ■ "^ ->^-: ^ ir^ Tm."T -fa^r.:!.**? i« r«sui&ted and con- 

**■ ^^: *■ i£;a^« a-:? -JOir.:!* i»> Bfe«cer this valve is 

'•^" '' " •• ^ «:^*i ti <:e *:3!»* -eELT^.s* thJt* v-ahne is closed. 

'**v^-*^^>=!<ii^ •s*^'^ *^ :> ji i liiT-i^ rft?coQ valve and is 

^*" * ' -' «^- * **.' w:-Er i- ?y±jJ5 vatve the steam is 

^ . . s. V .^.^..->.,j^^;>- ^j:«Sfr 7/ir^t tv^ the upper (top) 

"^ " - - . . ^ . ,^^ ^ > » »n :*c:«£ X thi* cylinder, sJter- 

■ ^ "K s •.>;> J a,»^ ^ ji>tji ' :;:r»* - yluioer down and up, 

• > V. H.- > s.v-t^.i ♦ j^ .^•ec T^ l<e!&ve the cylinder, 

"^ -^^ ». • .• •: »^v: ii si^.j: x* ^xi&&a^~ through the 



Sk> 






^ »*^ «^ ^vvx^-st* -V -•».•*♦ .••»c:i^-fmti: rise exhai^t v'^^ving) 
^^ ''^ • - *'-~~-x»««.i:>* :»..*■* T»ta :2tf <ci»ai ;»&tefuig) side 

*^"* ^ ••*x>i'5 A»^ %^f<5s>su>f ^5»iv,t i ,*!.><; a v^%^ suttifatf^ to the high- 






' " '-^ ^ ' * * 5*-v- <* 4::c :►« :i^ t:4Ivi? the steam is 



. -*^^vv,',v>» v^^^uTt ^tiaxi«r ^itfjv i^ expands and does 



* V '* V ^ 



t,v»-m\: a:^ x*c»?«5?tir\?' pbtcn up and 



V * -V v'v. ;^ v^i ,»x^da^t%^i ^ir»,ca:*i ihe I. P. valve 






>v>.>,, vvv.vv^ ^ .,^. ^^, ♦vx-iT^ -ze exhttck^t side of the 



N^ .^x. Kvv. vtvt -it >uttu ^f«i;^^w*^ * fcM?e slide valve 
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Sec. 2. The Water-Steam Circuit. 

The explanatory line sketch 39 is for the purpose of presenting 
to the recruit a general idea, without a lot of confusing detail and 
elaborate drawing, the path of the steam after it leaves the boilers, 
in which the steam has been made from the water, passing on 
through the main engines where it drives the machinery, and then 
through the condenser, pumps, and tanks, until it is again used in 
the boilers as water. The main parts are numbered and these 
numbers represent — 

1. Boiler stop valve. — One of these valves is fittsd to the main 
steam line leading from each boiler and by means of this valve tlie 
boiler La connected to or disconnected from the main steam line. 

2. BuUdiead stop valve. — This is a large valve fitted in the main 
steam line, and by opening this valve uie steam generated in tlie 
boilers is admitted to the piping (main steam line) in the engine 
room which conveys the live st3am to the main engine throttle 
valve. 

3. Main-engine throttte valve.— ^By this valve the amount of 
steam that is to be used in the main engines is regulated and con- 
trolled. If we want to make the engine go faster this valve is 
opened wider; if we want to stop the engines this valve is closed. 

4. High-pressure valve. — ^This La a large piston valve and is 
shown in detail in Part IV, section 2. By this valve the steam is 
admittad to the high-pressure cylinder 6, first to the upper (top) 
end and then to the lower (bottom) end of this cylinder, alter- 
nately pushing the piston that is insids the cylinder down and up, 
and after doing so it is alternately allowed to leave the cylinder, 
bottom end, then top end^ and is said to ''exhaust" through the 
high-pressure valve 4 and into — 

5. The first receiver. — ^A pipe connecting the exhaust (leaving) 
side of the high-pressure valve with the steam (entering) side 
of the — 

7. Intermediate pressure valve, a piston valve similar to the high- 
pressure piston valve, but larger, and by this valve the steam is 
admitted through the steam ports into the — 

8. Intermediate pressure cylinder, where it expands and does 
work in pushing the I. P. (intermediate pressure) piston up and 
down, doing work, and is then exhausted through the I. P. valve 
exhaust ports into the — 

9. Second receiver, a pipe connecting the exhaust side of the 
I. P. valve with the steam side of the — 

10. Low-pressure valves. — ^As one valve would be verv large, 
two valves are used here, and on small engines a large slide valve 
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(see Part IV, sec. 1) may be used instead of two piston valves. 
These valves admit and exhaust steam from the — 

11. Low-pressure cylinders, where it again does work and leaves 
by the exhaust ports of the L. P. valves 10 and enters the — 

12. Main exhaust pipe, which directs the steam to the main con- 
denser. (See Part XII, sec. 1.) 

13. The main condenser. — (See Part XII, sec. 1.) Here the 
exhaust steam is changed into water. This condensed steam is 
taken out of the condenser by the — 

14. Main air pump. — ^This pump (see Part VII, sec. 3) is used 
to remove all air and water out of the condenser and pump it into 
the hot. well of feed and filter tank; at the same time it also main- 
tains a very low pressure, called a "vacuum," in the condenser. 
This pressure, which is lower than the atmospheric pressure, is 
also much lower than the pressure in the main exhaust line, and 
hence permits rapid flow of the exhaust steam away from the 
engines. 

15. Feed and filter tank — Hot well. — ^This is merely a large tank 
where the water discharged by the main air pump is kept. The 
water is filtered to clean it of grease and dirt by passing it through 
loofa sponges in the filter tank. (See Part XII, sec. 7.) 

16. Main boiler feed pump. — ^This is a large pump which takes 
the water from the feed tank and pumps it imder high pressure 
through (see Part VII, sec. 10) — 

17. Feed-water heater, where the feed water is made hot, (see 
Part XII, sec. 2), through the main feed line and through — 

18. Main boiler feed check valve, into the boiler. (See Part 
IV, sec. 7.) 

19. Boiler. — In the boiler this water is now heated by the fires 
in the furnaces and steam is formed for use in the engines. 

20. Main circulating water. — ^The sea water for cooling the con- 
densing surfaces of the main condenser is supplied by the main 
circulating pump 20. 

WHAT THE NUMBERS STAND FOR IN SKETCHES 36, 37, AND 38: 



1. Balance pistons. 

2. Bedplate. 

3. Connecting rod. 

4. Coupling. 

5. Crank pins. 

6. Crank-shaft bearings. 

7. Crank shaft. 

8. Crank-shaft brasses. 



9. Crossheads. 

10. Crosshead guides. 

11. Crosshead pins. 

12. Columns. 

13. Cylinder covers. 

14. Eccentrics. 

15. Eccentric rod, go-ahead. 

16. Eccentric rod, astern. 
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17. Eccentric straps. 

18. High-preesure 

(H.F.). 

19. Intermediate-pressure cylin 

der(I. P.). 

20. Forward low-pressure cylin 
der (F. L. P.) 



35. Main links, 
cylinder 36. Suspension links. 

37. Reversing shaft. 

38. Reversing shaft are for re- 
versing engine. 

39. Reversing shaft arm for 
links. 



21. After low-pressure cylinder 40. Steam reversing cylinder. 



(A. L. P.). 

22. Main steam. 

23. High-pressure exhaust or 

&8t receiver. 

24. Intermediate-pressure ex- 

haust or second receiver. 

25. Low-pressure exhaust. 

26. Piston, high-pressure. 

27. Piston, intermediate pres- 

sure. 

28 . Piston , forward low-pressure . 

29. Piston-rod stufl5.ng boxes. 

30. Piston rods. 

31. Piston valve, high pressure. 

32. Piston valves, intermediate 

pressure. 

33. Piston valve, forward low- 

pressure. 

34. Link blocks. 



41. Oil control cylinder. 

42. Reversing shaft bearings. 

43 . Reversing shaft brackets. 

44. Valve chest, H. P. cylinder. 

45. Valve chest, I. P. cylinder. 

46. Valve chest, F. L. P. cylin- 

der. 

47. Valve-chest covers. 

48. Valve chest linera. 

49. Valve stemp. 

50. Valve stem guides. 

51. Valve-fltem stuffing boxes 

52. Cylinder liners. 

53. Turning engine. 

54. High-pressure steam port, 

top. 

55. High-pressure steam port, 

bottom. 

56. Expansion joints. 



In connection with the studying of sketches 36, 37, and 38 the 
section following, "Steam and water circuit," should be followed, 
tracing the various performances of the steam through the engines. 
The different points of the stroke for each engine should be noted; 
i. e., the setting of the cranks. At the coupling 4 are shown the 
jacking-engine connections, used to turn the engine when it is 
not in use from one and one-fourth to one and one-half turns each 
day. 

the sequence op events when the engine is operating may 
now be summarized and should be memorized by the 
student: 

A. Fresh, clean water in the boilers: 
(a) Water receiving heat from the fires. 
(6) Water boiling in the boilers. 

(c) Steam forming from the water in the boilers. 

B. Steam from boiler to engines: 

(a) Steam leaving boiler through boiler stop valve. 
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(6) Steam in main steam line in fireroom. 
(c) Steam parsing through the bulkhead stop valve. 
{d) Steam in main steam line in engine room. 
(ci Steam passing through main engine throttle valve to the 
H. r. valve. 

C. Steam passing through engine to the condenser: 

(a) H. P. valve chest, H. P. valves, steam ports top and bottom 
alternately, into H. P. cylinder'. 

(6) Steam inH. P. cylmder, top and bottom alternately, expand- 
ing and pushing the H. P. piston up and down and making the 
shaft ancfpropeUers revolve. 

(c) H. r. valve exhaust ports to first receiver. 

\d) I. P. valve chest, I. P. valve steam ports, I. P. cylinder, I. P. 
valve exhaust ports to second receiver. 

(c) L. P. valve chest, L. P. valve steam ports, L. P. cylinder, 
L. P. valve exhaust ports to main exhaust to main condenser. 

D. Steam entering condenser to water in boilers: 

(a) Steam exhaufirted from L. P. engines entering the main con- 
densers and striking their cooUns; surfaces; surfaces kept cool by 
cold sea water circulated through them by the main circulating 
pump from the main injection valve. 

(6) Steam condensing into water inside the main condenser. 

(c) The water (condensed steam) and air, if any, removed from 
the main condenser and pumped into the feed tank by the main 
air pump. 

(a) Water in feed and filter tank. 

(e) Main feed pump pumping water from main feed tank 
through — 

(/) The feed-water heater to — 

\g) The boiler-feed check valve into — 

(h) The boiler. 

Sec. 3. Reciprocating Engine Cylinders. 

Large marine engine cylinders are composed of the body or 
shell, consisting of the outer barrel with the lower head, ports, 
valve chests, and the upper removable cylinder cover, ana the 
cyUnder liner or working barrel. Steam cylinders are made of 
the highest grade of cast iron; the outer barrel or the shell is usually 
cast with the lower or crank end head, all ports and passages, steam 
chest and all lugs and feet for attachment to the columns or engine 
framing. The upper cylinder cover is cast separately and secured 
by a flaiige joint and stud bolts to the cylinder shell. The cylinder 
liner or lining is cast separately and forms the rubbing suiiace on 
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which the piston works. To resist the wear of packing ringa it is 
madeotverycloMgrainedhard cast iron. Sketch 40 shows vertical 
and transverse sectlnna of the high-pressure and low-pressure 




cylinders used in triple-expansion engines of naval vessels, t^ether 
with the valve or steam cneeta, liners, porta, etc., from which the 
details can be seen. A is thecylinder cover; B B, steam ports; C, 
bottom head; D, cylinder liner; E, cylinder casing; FF, orackets 
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or feet for attachment to the supporting columns j G, upper man- 
hole cover; H, bottom head mannole cover; 7, cylinder peepholes; 
/, coimterbore in the liner; K K^ piston valve chest liners; 
L Z, false seats in slide valve chamber; if, diagonal bridges across 
steam ports in piston valve chest; 0, piston rod stuffing boxes; R, 
balance cylinder; S^ valve chest covers; T, steam pipe to H. P. 
valve chest; V V, high-pressure exhaust; U Uy steam to L. P. valve 
chest ; TF, low-pressure exhaust . The cylinder or liner is accurately 
bored to a uniform diameter, except at a short distance from each 
end, where it is increased, forming the coimterbore, so that at the 
extreme ends of the stroke the piston travels a short distance 
beyond thfe main bore, but not enough to permit the piston rings 
to slip out. By this means the formation of a shoulder at the 
extremity of the piston stroke, with consequent damage, is avoided. 
Cylinder la^^ging and clothing. — ^All surfaces from which there 
may be loss of heat from radiation, cylinder walls, valve chests, 
cylmder heads, valves, piping, etc., are carefully covered with 
a nonconduction material, such as magnesia or asbestos. This 
clothing material around the cylinders is kept in place by a walnut 
lagging or Russia sheet iron, made so as to be reaaily removable for 
examination or repau*. 

Sec. 4. Crank Shaft. 

For naval purposes the crank shafts are made solid, in sections, 
and each section has couplings forged on the ends for securing the 
sections together by the coupUng bolts and nuts. The sections are 
made s^onmetrical, so that they are interchangeable, and a spare 
section is sufficient for the replacement of any section. The crank 
shaft is made of high-grade machinery steel forging and the shaft 
and crank pins are hollow from end to end, the diameter of the 
inner hole being about 60 per cent of the outside diameter. 

Sketch 41 shows a three-throw crank of a triple expansion engine 
used in the Navy. A A are the coupling disks; i By the crank 
shaft journals; A journal is that part of a shaft or pin or rotating 
piece fitting into and rotating in the bearing. 

A bearing is that part of a casting or framing supporting the 
shaft and contains bearing brasses or boxes. When the bearing 
brasses are made in two parts the line of division should be at right 
angles to the direction of the maximum thrust. The crank webs 
are at C C, and in naval practice are chamfered . D D are the crank 
pins. The axial holes in the crank pins are used for extra lubrica- 
tion; one end is closed by a brass plate, the other being fitted with 
a centrifugal oiling device. 
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Sec. 5. The Connecting Rod. 



Connecting rods for the Navy are made of high-grade steel 
machinery forgings and they are hollow, a hole being bored from 
one end to the other. Sketches 42 and 43 show the tjrpes of con- 
necting rods in general use. The type used in the Navy is shown 
by sketch 42. This rod has a T end at the bottom, with a forked 
end at the top for embracing the crosshead pins and is fitted with 
adjustable brasses and connections. For the bearing at the crank 
end and for each bearing at the crosshead there are two brasses 
and caps with distance pieces. The parts are connected by means 
of through-bolts and each bolt is fitted with a collar nut, with a set 
screw for locking the nut, and one for holding the bolt in place 
while bacldng on the nut. The distance pieces, sketch 44, are 
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fitted between the brasses and held in place by small dowel pins. 
The brasses are lined with white or antifriction metal. 

The length of the connecting rod is measured from the center of 
the crank pin to the center line of the crosshead pins, and in the 
naval service is about twice the length of the engine stroke, or, as 
it is generally expressed — 

Length of crank 1 

Length of connecting rod"" 4 

Sec. 6. The Eccentric Rod and Strap. 

As stated in Part IV, section 1, the motion of the slide valve to 
accomplish the desired steam distribution is given by an eccentric 
and rod connected to the valve stem. The eccentric, sketch 45 
(seep. 126), consists of a circular disk of metal, A, called the sheave, 
which is keyed to the crank shaft, revolving with it, but whose 
center does not coincide with the center of the shaft. The center 
of the eccentric is at P, while the center of the shaft is at 0. Sur- 
rounding the eccentric and moving on it are two semicircular 
rin^, C C, forming the eccentric strap, bolted tc^ether and attached 
to the eccentric rod. The other end of the rod is connected by a 
joint to the valve stem actuating the valve. In marine engines 
this connection is made through a link. The strap has lips pro- 
jecting over the side of the sheave, so as not to slip off sideways. 

As the crank shaft revolves the eccentric disk or sheave revolves 
with it and gives to the strap and eccentric rod a reciprocating 
motion, the same as though it were a crank, P, attached to a 
connecting rod, P Q, the point Q being made to move alonp; a 
straight line, Q, pointing to the shaft center. Practically it is a 
small tTirow crank, but having a crank pin enveloping the shaft 
and of a diameter equal to the diameter of the sheave. The extent 
of the movement of Q, or the distance between its highest and 
lowest points, is evidently equal to twice the length P. This 
distance P is called the " eccentricity, '* eccentric arm, or eccen- 
tric radius. 

Sec 7. — ^Main or Crank-Shaft Bearings. 

The laige bearings used for the shaftins of marine engines are 
made so that they may be readily removed for adjustment as wear 
occurs, and thus prevent distortion of the shaft. Sketch 46 shows 
one of the crank-shaft bearings of the Tennessee class of cruisers. 
The bottom crank-shaft brasses are made concentric with the shaft 
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80 that they may be revolved and taken out without having to re- 
move the diaft. The bed plate is reccBsed to receive the bottom 
braas, which is round at the bottom and can be removed by Bupport- 
ing the shaft and revolving the brass in ita cylindrical bed until it 
comes to the top and so 
be taken off for adjust- 
ment and repair. The 
bearinghaaacapof cast 
fileel, Uie part comine 
nest to the shaft as well 
as the bottom braa be- 
ing Imed with white 
metal scraped to a true 
fit. Each cap ia secured 
by bolts, provision be- 
ing made to prevent liie 
nuts from backing off 
and the bolts from turn- 
ing. Inthesketcheach 
bearing consiate of a 
shoe, A, fittirffi in the 
bedplate; a bottom 
brass, B; a steel cap, C; 
and distance pieces, C 
To prevent the round 
brass from nipping the 
shaft when heated^ it is 
shouldered against the 

shown, and these in 
turn are shouldered 
against the cap. The 
cap and bottom brasses 
are cored to permit cir- 
culating water through 
them. Each cap has an 

oval handhole at £, for sketch «. 

the purpose of feeling 

the joumal when underway, and the cap is secured by four collar 
bolts, the nuts locked to prevent their backing off, and the bolts 
prevented from turning by set bolU. Tin liners, as usual, are 
fitted between the distance pieces and cape, to admit adjustment 
of the brasses after wear. 
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Sec. 8. Tne Crosshbad. 




Sieton rod in a line through the axis of the cylinder in its up-and- 
own motion. The croeshead travels between two fixed hem par- 
allel to the axis of the cylinder 
in a straight line, known as the 
croeshead guides. Sketch 47 
shows the open type of cross- 
head, and consists of a body or 
block of forged steel, A, with 
the piston rod connected as 
shown, and on. either side longi- 
tudinally are the croeshead pins, 
B B, for the attachment oi the 
forked end of the connecting 
rod by means of adjustable 
brasses. On there remaining two 
sides are the removable slip- 
pers, D D, whose sliding aur- 
fccesare faced with while metal 
fitted in dovetailed recesses. 
The slippers slide on the guides 
bolted to the inverted Y col- 
umns of the engine framing, 
containing a guide surface on sketch is. 

the back as well as on the 

frontddeof the engine. The ahead guide is made hollow to permit 
the circulation of water to assist in keeping it cool, and the guide 
surface is usually scored with chauneb for the distribution of the oil. 
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The croeahcad pins, like other parts of ehafts and pins, with the 
high-grade material used and careful deei^, are fitted with axial 
holes in them, and since the bearings on the joumals have an 
oscillating movement the pins are flattened on each side, the flats 
stopping a little short of the bearing surface to permit the escape 

Sketch 48, page 12S, showH the type of closed crosahead ^nide 
bearinfs in general use. A A are the backing guides, B B la the 
ahead lace of the slipper, C C the backins face, and D D ia the 
water back; C is made of cast steel in late ships. 

Sec. 9, Thrust Bearinos. 

The shaft immediately abaft the crank shaft is conairucted 
with a number of collars on the journal to bear against cor- 
responding surfaces in the thrust bearing, and thus transmit the 



going astern. The bearing ia secured firmlj^ to a bearer or seatin" 
rigidly connected to the structure of the ship and extending over 
several frames. The usual form of thrust bearing for all modern 
vessels, and known as the horseshoe-collar thrust from the sliap* of 
the bearing rings, is shown in sketch 50. As applied to tiie LouU- 
88722°— 1&^ — -fl 
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iano,itcoiisifltaof 11 collars turned 
on the shaft with the same number 
of thruet collaie on (he bearinc. 
The bearing conaista of a. pedestal, 
A, bolted to the sole plate, £, with 
holes in the former, bo thataa wear 
takes place on the collars the 
whole block can be adjusted bod- 
ily by means of wedges, C, bear- 
ing against lips on the sole plate. 
Means of adjustment are neces- 
sary, otherwise the shaft will grad- 
uaUy wear forward, throwing the 
ciaoke out of line and bringisg 
heavy attains and undue str^see 
on the engine. The pedestal is 
made of cast iron, the ends and 
side walla forming & trough, par- 
tially filled with Uie oil, in which 
the shaft collars revolve. There 
cj is a steady bearing, D, at each 
q end, cast in one with the pedestal, 
^ and relieves the thrust bearing oE 
g the weight of the shaft, so that it 
=" has only the duty of taking the 
thrust of the propeller. Each 
steady bearing is fitted with a bot- 
tom btasa and cap both lined with 
white metal, and at the forward 
end of the forward and the after 
end of the after steady bearing 
there is a divided stuffing box and 
gland to prevent the escape of oil. 
The oil trough in the pedestal 
" 'lins a circulating pipe or coil 
_._ -Doling water to reduce the 
temperature of the oil and the 
bearing. 

The thnist bearing collars, ££, 
shaped aa shows in the detail 
sketch 49, are inserted between 
the shaft collars, and all secured 
tothetwofiiderods, PF, threaded 
throughout their length, and car- 
ried by the pedeatal, one on each 
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side. The holes at the extremities of the horseshoes for these bolts 
are slotted through, so that each horseshoe maybe taken out inde- 
pendently of the others for repairs, and each is fixed in position on 
the side rods by a shallow nut on each side of the collars, thus secur- 
ing individual adjustment of each ring. The horseshoes are still 
further secured or steadied by bolts G to keep them from rising. 
They are made of cast steel, cored for lightness, and faced on each 
side with white metal and channeled for distributing the oil, and 
each one provided with an oil box on top, with tubes leading to 
both faces. 



PART X. 

STEAM TTTRBINES. 

By Lieut. O. L. Cox, U. S. N. 

Turbines are divided into two classes, depending on the manner 
in which the steam acts upon the blades. When energy is im- 
parted to the moving blades, due to the impact of the lAoving 
steam, the turbine is called an "impulse" turbine, and when 
energy is imparted to the moving blades, due to the "kick back" 
of steam expanding in the blades, it is called a "reaction " turbine. 

There is no pure reaction steam turbine built, because all so- 
called reaction turbines derive some benefit from impact of tiie 
steam and are, therefore, "impulse-reaction" turbines. 

A familiar example of an impulse turbine is a windmill or water 
wheel, and a pure reaction turbine is a "Barber mill," the ordi- 
nary revolving lawn sprinkler. 

In the former case, rotation is the result of the impact of the air 
or water on the blades of the wheel, and in the latter the "kick 
back " of the water leaving the wheel. 

In an impulse turbine steam is expanded in a nozzle and the 
energy in tne steam is converted into velocity; this velocity is 
absoroed by the moving blades and converted into useful work. 

In an impulse-reaction turbine the steam expands in both the 
moving and fixed blades and useful work is obtained, first, by ex- 
traction of velocity from the steam on striking the moving blades 
(impulse), and, second, the "kick back" (reaction^ due to the 
expansion of the steam in the moving blades and leaving at a lower 
pressure than it entered. 

VARIOUS TYPES OF TURBINES USED IN THE UNITED STATES NAVAL 

SERVICE. 

Impulse: De Laval, Curtis, Terry, Kerr, Zoelly, and Stwrtevant. 
Impulse reaction: Parsons and Westinghcmse-P arsons. 

A simple form of impulse turbine is the De Laval, consisting of 
a nozzle or row of nozzles and a wheel with one row of moving 
blades. In this case the steam is expanded from initial pressure 
to exhaust pressure, wholly in the nozzle, and steam leaves ^e 
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nozzle at a very high velocity (3,000 feet per second more or less, 
depending on tne amount of expansion in the nozzle). 

For maximum efficiency the blades should move at approxi- 
mately one-half the steam speed, which would give a peripheral 
speed of about -8^^=1,500 feet per second, which with a turbine 
3 feet in diameter, would give about 150 revolutions per second. 

Such revolutions are too great for commercial use, so that the 
speed has to be reduced by the introduction of some form of gearing 
between the turbine and the apparatus it is to drive. 

One method of reducing the number of revolutions is by 
velocity compounding; that is, using more than one row of moving 
blades on the wheel. Each row of blades extracting approxi- 
mately twice its own velocity, a two-row Wheel would nave a 
speed of approximatel)r one-half that of a single row. 

Still anotner method is by pressure compounding; that is, having 
two or more wheels in series, with nozzles between and having a 
smaller drop per set of nozzles, consequently lower steam velocity. 

The Rateau is an example of a pressure-compounded turbine. 
It consists of several wheel stages, each containing a single row of 
moving buckets. 

The Curtis and Zoelly are compounded both for pressure and 
velocity, as all of the wheel stages have more than one row of mov- 
ing buckets. 

CLEARANCES. 

In an impulse turbine all of the expansion of the steam takes 
place in the nozzles, so that the pressure throughout any one stage 
is the same; therefore, there is no tendency for the steam to leak 
over the tips of the blades and the radial clearance can be made as 
large as desired. The axial clearance should be kept a^ small as 
possible, but owing to mechanical reasons in direct-connected 
marine turbines this can not be made much less than one-eighth 
inch on each side of the blades at the high-pressure (thrust-bearing) 
end of the turbine, and increases toward the low-pressure end. 
Axial clearances at the low-pressure end sometimes are as much 
as one-half inch. 

In the impulse-reaction turbine there is a drop in pressure from 
each row of blades to the succeeding row, so that the tip clearance 
must be reduced to a minimum in order to avoid loss in efficiency. 
The tips of the blades are drawn down to a fine point, so that they 
will wear down easily in case of rubbing. The axial clearance 
can be made as large as desired and ususSly la trom. one-tenth to 
one-half inch, as in the impulse type. 

In impulse turbines steam is not admitted around the whole 
periphery of the first few stages, the nozzles occupying a smaU 
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completely fill tho circumference, whea any increase in nozzle 
area is obtained bv increasing tbe beight of tbe nozzles. 

The nozzles to tne first ata^ are fitted with valves for shutting 
off, the early designs having a valve for each nozzle. All later 
designs have one valve for a group of nozzles (2, 3, 4, or 5). By 
this means it is possible 1o control tbe speed, and have the main 
throttle wide open, simply by opening or closing nozzle valves. 

Parsons turbines have full peripheral admission, and any changes 
in speed are made with tbe main throttle. 



The axial clearance between the fixed and moving parts of the 
turbine is obtained by means of a clearance indicator, a simple 
form of which is shown in sketch 51. It consists of a rod passing 



throng the casing and has a small steel wheel uii the end which 
is inside tbe turbine. A true face ia turned on the side of some 
moving part of Ibe turbine, and tbe wheel runs on this bee when the 
rod is pushed in. 
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The rod is moved in or out by means of a pointer pivoted near one 
end. This latter end is rounded and fits between two collars 
on the rod. The other end moves along a graduated scale which 
indicates the amount of movement in or out of the rod. 

To set the scale, the rotor when hot is pulled forward by means 
of the thrust-block adjusting bolts until it just touches the sta- 
tionary parts at some place when jacked over. The rod is pushed 
in until it strikes the rotor and the position of the pointer noted. 
The rotor is then shoved aft until it strikes, and p^osition of pointer 
again noted. The rotor is then put in approximately the mid- 
position and the zero of the scale adjusted to the pointer. Usually 
the rotor is so adjusted that there is less clearance on the forward 
side of the moving blades than on the after. For example, if 
the total clearance (movement) of the rotor fore and aft is 0.36 
inch, the rotor is placed so that about 0.16 inch is the forward 
clearance and 0.20 the after. 

The reading is much simplified if two scales are used, one the 
reverse of the other. One scale, marked "forward," is adjusted 
so that the pointer is at "zero" when the rotor is in its extreme 
forward position; likewise the "aft" scale when the rotor is as far 
aft as it will eo . Then for any position of the pointer the * * forward * ' 
scale gives tne clearance on the forward side of the moving blades 
and the "aft" scale the clearance on the after side of moving 
blades, and the distance between the two "zeros" is the totsl 
clearance. 

BLADE LENGTH. 

The length of the blades in any turbine depends on the volume 
of steam passing through and the velocity at which it moves. 
For Parsons turbines the velocity of the steam is practically con- 
stant throughout the turbine (full-speed conditions), so that the 
increased volume of steam due to expansion is taken care of partly 
by increasing the length of blades and partly by increasing the 
diameter of tne turbine. 

Theoretically each row of blades in a Parsons turbine should 
be longer than the preceding or else placed on a large diameter. 
This would make a very costly machine, so that in actual prac- 
tice a group of several rows (4 to 16) is made identical, the com- 
plete group beine called an expansion. 

The above applies also to the drums of impulse turbines which 
have one row of moving blades per stage. If a wheel stage con- 
tains more than one row of blades, each row must be longer than 
the preceding one, due to the steam moving with less velocity. 
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bladeB, and sketch 53 a stage with 3 moving and 2 atationary 
TOWS. The function of the stationary blades is simply to change 
the direction of the steam, so ae to direct it on the eucceeding 
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moving row at the proper angle. The steam from the nozzles 
passes directly through the blades, so that the band of steam 
occupies about the same arc of the circumference as the nozzles 
in use. Therefore, unless the nozzles occupy the whole circum- 
ference, it is unnecessary to have the stationary blades all 
around, and they actually occupy a slightly greater arc of the 
circumference than the nozzles. The exit angle of the nozzles 
with respect to the plane of the wheel is made as small as possible 
in order to give better economy. For mechanical reasons this 
angle can not be much less than 20^, and is actually 20^ in nearly 
all turbines. The angle is increased at the L. P. end of the tur- 
bine in order to give a larger area for the low-pressure (large 
volume) steam without making the nozzles unduly long. 

Sketch 54 shows the drum construction for a Curtis turbine, 
where each stage consists of a row of nozzles and a row of blades, 
the nozzles being secured in the casing in the same manner as t^e 
moving blades are secured on the drum. 

Steam expanding in a nozzle drops to a pressure at the throat 
(smallest cross section) which is 0.58 of the initial pressure. All 
pressures being absolute, and if the nozzle is a parallel wall nozzle, 
as shown in sketch 53 (exit area same as throat area), the mout^ 
pressure is 0.58 of the initial pressure, provided the back pressure 
18 this low or lower. If the back pressure is higher than 0.58 of the 
initial pressure, then the throat and mouth pressure are the same 
as the back pressure. 

When it is desired to have a mouth pressure lower than 0.58 of 
the initial pressure, it is necessary to have an expanding nozzle — 
that is, one whose mouth area is greater than the throat area. The 
ratio of mouth area to throat area is called the expansion ratio of the 
nozzle. With a given expansion ratio, the ratio of initial pressure 
to final pressure should always be the same when the nozzle is 
working under best conditions. 

For example, if in a properly designed nozzle the steam-chest 
pressure is 250 pounds absolute and first-stage pressure 100 pounds 

absolute, the pressure ratio=oc:Q=0.4. Therefore, if, when running 

at reduced speed, the first stage is 24 pounds absolute, the steam- 

24 
chest pressure should be -1=60 poimds absolute, or 45 pounds 

gauge, and nozzles and main throttle should be manipulated to 
give this pressure. 

Sketch 52 shows the arrangement of expansion nozzles, and 
sketch 53 parallel wall nozzles for a Curtis turbine. Expansion 
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thereby enabling the casing to be made lighter and also to have a 
emaller difference in temperature from one end of the turbine to the 
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All turbines consist of two parta — the rotor or moving parts, and 
the stator or stationary parts. The rotor shafts are of fo^ed steel 
and the drums and wheels of foi^^d steel or cast steel. The casings 
are made of c&st icon or cast steel. Blading, distant pieces, and 
shrouding are rolled or extruded monel metal or composition. 
Steel is sometimes used. Binding wires are of copper and nozzle 
walls are either steel or composition, cast in cast iron or composi- 

To prevent the leakage of steam out around the shafts where 
they enter the casings of Parsons turbines, dummy packing stripe 
are used. These are shown in sketches 55 and 56. 
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Carbon jwcking is used on Curtis turbines at both ends of the 
rotor shaft in place of dummy packing and is shown in sketch 57 
(hcb p. 142). This packing is et«am sealed in order to prevent the 
admiBsion o£ air at the end oC the turbine, which is under vacuum. 

To reduce the leakage of ateam from one ata^ of a Curtis turbine 
to another, around the shaft, a stuffing box is fitted as shown in 
sketch 58 (see p. 143). The diaphragm is secured to the stuffing 
box and ia dovetailed into the nozzle holders. The joint between 
the diaphragm and nozzle holders is shown in sketch 53-A {see 
p. 144). 

Owing to the drop in pressure throi^h each row of blades of an 
impulse-reaction turbine, there is considerable ateam thrust which 
mi^ be taken care of. In a direct-connected marine turbine this 
thrust is partially balanced by the propeller thrust and therefore 
only a small thrust bearing is required. The Jwo thrusts (steam 
and propeller) balance each other at only one speed; at higher 

reds than this the steam thrust is greater than the propeller 
list and at lower speeds the propeller thrust is the greater. 
Turbines are designed so that at full power the ateam thrust is 
about 20 per cent to 30 per cent greater than the propeller thrust. 
As impulse turbines have very little steam thrust, owing to 
the presaure being practically the same on each side of 
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Sketch 57. 
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>for shaft 
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the moving blade, some 
means has to be adopted 
to balance the propeller 
thrust in direct-con- 
nected turbines. This 
is done b)r UEdngdie dnim 
construction. Thesteam 

Eresaure on the drum- 
ead (less exhaust prea- 
Bure on other head) bal- 
ancing the propeller 
thrust and the drum head 
ia so placed that at full 
power the pressure on it 
overbalances the pro- 
peller thrust about 30 per 

It impulse-reaction 
turbines are used forother 
than direct-connected 

be t^en to balance the 
ateam thrust. This is 
accomplished by having 
a "dummy pisten" on 
the shaft, one for each 
expansion, and a steam 
coDnection leading to it 
from the expansion it is 
to balance, the exhaust 
leadins to a lower expan- 
sion of the turbine. The 
dummy pisten has the 
same labyrinth packing 
as shown in sketch 55, 
the net area of the piston 
being such as te exactly 
balance the steam thrust. 



ateam enters in the mid- 
dle of the turbine, halt 
flowing in one direction 
and halt in the other; 
consequently the two 
steam thrusts balance 
each other. 
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R- 



(ciiBtaiice) pieces of the same root eectioii are lOBerted between the 
roots of the blades to gjve proper spacing and then hghtly calked. 
After the blading la m plare the ehroudmg or binding stripe are 
put on, shrouding la nvet«d on, and bmdii^ strip soldered, 
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flhroudii]^ being generally used for Curtis turbines, and binding 
strip for rarsons. 
sketch 59 shows Parsons blading with binding strips. 



CARE AND OPERATION. 



Owing to small clearances great care should be taken in warming 
up turbines. They should be warmed up for about two hours before 
getting under way, and jacked over one-fourth turn about every 
15 minutes. If the turbines are not jacked the rotor will become 
distorted and serious damage follow. It is better not to warm the 
turbines at all than to do so without jacking over. They should 
never be started up cold except in case of emergency. 

Turbines should oe thoroughly drained when secured and should 
be drained frequently when idle by running the main air pump for 
about one-half hour or using the turbine drain pump when fitted. 

Sketch 60 (see p. 147) shows a Curtis turbine. 

Sketch 61 (see p. 148) shows the principle of the De Laval turbine. 
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PART XI. 

mXEBNAL COMBUSTION ENGINES. 

Section 1. General Discussion. 

It is well understood that in the steam engine the combustion 
of the fuel takes place entirely outside the cylinders, in the furnaces 
of a separate boiler, through the walls of which the heat of com- 
bustion is transmitted to vaporize water, the resulting steam being 
then carried by suitable piping to the cylinders; in other words, 
it is an external combustion engine. Another form of heat engine 
is that in which the combustion or burning of the fuel takes place 
within the cylinder itself, the products of combustion acting 
directly on the pistons. This form is known as the internal com- 
bustion engine, explosion engine, gas or oil engine, and is so con- 
structed that the equivalent of furnace, boiler, and cylinder is 
all complete in one, and on the same foundation. The principles 
governing the action of a gas engine or motor are practically the 
same as those of the steam engine; the object in both being the 
production of useful work from the heat evolved in the combus- 
tion of a fuel; in one case by the conversion of a gas into flame, and 
in the other water into steam, and in both cases utilizing the high 
pressures produced in the operation. 

Sec. 2. Single-Acting, Four-Cycle, Gas Engine. 

In this type of engine it is necessary to make four complete 
strokes from end of the cylinder to the other; that is, two complete 
revolutions before an explosion or impulse against the piston is 
obtained. The steps performed on each separate stroke are shown 
in sketch 62, below: 

In the above sketch — 

Stroke 1. Charging. — ^The crank is shown rotating to the left 
by the arrow and the piston is descending which creates a vacuum 
or vacancy in the cylinder. The "m,s" valve opens and the 
charge is sucked into the cylinder. The exhaust valve is held 
closed by its mechanism. There is no spark at the "spark plu^. " 
We now have the cylinder full of a charge consisting of gasoline 
and air well mixed, out at a very low pressure. 

149 
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Stroke 2. Com- 
piesatnf .— The 
crank continuing 
in itH rotation to 
the left now 
shoves the piston 
up, and as the 
two valves are 
dosed the charge 
of air and gaso- 
line vapor is com- 
nreeeea up to a 



plosion — Expan- 
sion. — When the 
piston has reached 
or has nearly 
reached the top of 
, its second stroke 
S contact is made to 
g complete the elec- 
S trical circuit in 
^ which the spark 
plug is the impor- 
tant item. This 
causes a spark, ig- 
niting the charge, 
which explodes, 
creating a still 
hicher pressure, 
and this high pres- 
sure acting against 
the top of the pis- 
ton shoves it down 
with increased 
speed and force. 
This leaves the 
cylinder full of 
burned gtsea that 
must be removed 
before a new 
charge cam be 
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crank cuse, 4, is full o' 
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a combustible mixture which has been previously drawn in through 
ports, 5, and which is compressed to about 4 or 5 pounds by the 
piston on its down stroke. When near the bottom of the stroke 
the top edge of the piston uncovers a series of ports, 6, in the cyl- 
inder wall, through which the burned gases escape into the exhaust 
pipe, the pressure in the cylinder dropping to about that of the 
atmosphere. Shortly after the exhaust ports, 6, have been uncov- 
ered, the piston, still moving downward, uncovers the transfer 
ports, 7, in the cylinder wall, which are situated diametrically 
opposite the exhaust ports. The transfer of the mixture from the 
crank case into the cylinder is made through ports, 8, in the 
piston, which register with ports, 9, in the cylinder wall and admit 
the mixture into the by-pass, 10, from whence it passes into the 
cylinder through ports, 7. Ports, 7 and 9, open and close simul- 
taneously. To prevent the incoming charge from passing directly 
across the cylinder and out of the exhaust ports, 6 (transfer and 
exhaust ports being open at the same time), the top of the piston 
is provided with a deflector or baffle plate, 11, which directs the 
charge up to the top of the cylinder, thereby driving out the 
greater part of the burned gases remaining therein. On the second 
stroke tne piston moves upward, first closing the transfer ports, 7, 
and shortly after the exhaust ports, 6. The charge in the cy Un- 
der is compressed and at the top of the stroke is ready for firing. 
During this stroke a new charge is drawn into the crank case 
through ports, 5, in the cylinder wall, which are uncovered by the 
bottom edge of the piston, 1, when at the top of its stroke. On 
a three-port engine no check valve is required between the car- 
buretor and the engine. 

In practice the spark does not occur just at the moment the 
piston reaches the top of the stroke except when starting the en- 
gine^ for the reason that the full firing of a combustible chaige is 
not instantaneous at the time of ignition; therefore, in order to get 
the highest pressure and complete combustion when the piston is 
at the top of its stroke ignition must take place a little in advance, 
depending on the speed of the engine. 

Sec. 4. Diesel Engine. 

Sketch 64 shows the principle of the Diesel engine, figure 3 
showing the 4-cycle and figure 4 the 2-cycle engine. In figure 3 
the valve on the left is the exhaust valve, the^ valve on the ri^ht 
is the air-admission valve, and the center valve is the fuel-injection 
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valve. There is no spark 
plug. Referring to figure 
3, in compressing the air 
on the second cycle its 
temperature is raised 
above the ignition point 
of the oil used ; then, when 
the fuel-injection- valve is 
opened the charge of fuel 
oil is sprayed into the cyl- 
inder by air compressed 
to a high pressure in an 
auxiliary air compressor. 
As soon afl the oil enters 
the cylinder, it begins to 
bum and the'gases formed 
expand and drive the 
piston downward on the 
working stroke. After the 
working stroke is com- 
pleted the piston moves 
up on the exhaust stroke, 
driving the gases out 
through the exhaust 
valve. 

In the 2-cycle engine, 
shown in figure 4, the 
principle is the same. The 
two side valves at the top 
of the cylinder are air- 
admission valvee, the cen- 
ter one is the fuel-injec- 
tion valve, and the ex- 
haust takes place through 
the ports in the lower 
part of the cylinder. 

When the working stroke 
is completed the piston 
uncovers the exhaust 
ports and the air-admis- 
sion valves open, admit- 
ting air, which drives the 
spent gases out of the cyl- • 
inder. Then the piston 
starts on the upstroke, the 
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valves close, and the air in the cylinder is compressed. When 
the piston is near the top of its stroke the fuel-mjection valve 
opens, fuel is sprayed. in, combustion takes place, and the ex- 

finding gases drive the piston downward on tne working stroke, 
n figure 4 the working stroke, exhaust, and scavenging are all 
parts of the same stroke, so that there is one working stroke in 
every revolution of the engine. 



PART XII. 



ATJZILIABIES. 

Section 1. The Main Condenser. 

The purpose of the main condenser, as stated elsewhere in this 
book, is to change the steam after it has gone through the main 
engines back into water, in order that it may be used again in the 
boilers. Sketch 65 shows the connections of the main circulating 
pump to the main condenser; also showing the leads of the piping 





Sketch 65. 

to the overboard discharge valve and from the main injection 
valve. It also has a connection to the main drain. The main 
circulating pump is nothing more than a huge fan which is made 
to rotate inside a case, and in doing so whips up the water coming 
in from the main injection valves and (*' slings") forces the water 
through the tubes inside the main condenser and then out through 
the overboard-discharge valve. 

155 
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The following sketch (sketch 66) illuBtrates a main condenser, 
known ea a surface condenser, and shows the connections of the 
variouB pipes, discharges, and suctions to and from it. The main 
condenser consists of a ehell, closed at each end by heads, and 
these heads are cross connected by the tubes. The cooling water 
enters at the lower rU:ht'hand comer from the main circulating 

Eump, as shown by the arrows. This water passes through the 
iwer set of tubes, condensing any steam that strikes the outside 
of these tubes into water, and in the left-hand "head" the direc- 



tion of this cooling water is reversed, causing it to flow back tiirough 
the upper rows of tubesj likewise condenaing steam, and then up 
and out through the pipes leading to the overboard discharge. 
The steam enters from the pipes at the top of the condenser, as 
shown, "bleeder," auxiliary exhaust, or main exhaust, and on 
striking the balUe is spread over a large area of the tubes. These 
tubes, kept cool by the circulating, condense the steam into 
water. The condensed steam falls to the bottom, as shown, and is 
removed from the condenser by the main air pump, which pumps 
the water into the feed tank or hot v/ell. 
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Sketch 67 shows the method of pocking the tubes in order tn 
prevent leakage of salt vater into the condenser. The tubee and 
tube aheeta are of composition to prevent corrosive action. Each 
tube is packed Mith cotton tape meerted around the tube at the 
bottom of the counterbore in the tube sheet, the screwed glands, 



as shown, fitting around the tube are screwed into the tube sheet, 
compressing the packing and making it water-tight. 
Sketch 68 shows the method of securing the tube sheeta. 
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Sec. 2. Feed- Water Heater. 

A feed-water heater is for the purpose of heating the v/ater that 
is to be fed the boilers by the main feed pumps. This heating of 
the water nearly up to the boiling point saves in coal and requires 
less heat absorption in the boilers for making steam . Sketch 69 (see 
p. 159) shows a vertical single flow feed- water heater. The cold water 
enters at the bottom from the feed tank and passing up through the 
heater tubes that are kept hot by the steam entering as shown by 
the arrows, leave the heater at the top, with a much higher (hotter) 
temperature than on entrance. This water is forced by the feed 
pumps through the heater into the boilers for steam-making pur- 
poses. The heater is fitted with a steam-pressiu'e gauge and a trap 
as shown. Generally steam from the auxiliary exhaust is used 
in the heater; in some cases live steam from tne main or auxil- 
iary steam line is used. Feed heaters are made in many forms. 
The one shown here is illustrative of their main principles — ^i. e., 
to heat up the feed water for the boilers by taking the heat from a 
small supply of steam. The steam condenses in the heater and the 
water of condensation is trapped off at the bottom of the heater to 
the feed tank. The heater shown is called ** single flow," as the 
water haff only one direction in passing through it. The main feed 
pumps should be placed between the feed tank and the heater — 
1. e., the heater shoidd be after the pumps in the circuit to the 
boilers, thus: Feed tank, feed pumps, feed heater, then boilers, as 
this will permit the pumps handling the colder water before it has 
been heated in the feed- water heater. 

Sec. 3. Auxiliary Condenser. 

The auxiliary condenser is used for condensing the exhaust steam 
from the auxiliaries when the main condenser is secured. It is a 
complete unit in itself, having its own air pump and its own circu- 
lating pump. Sketch 70, below, shows an auxiliary condenser 
with all its connections. The air and circulating pumps are of the 
ordinary piston type. In the water end, circulating pump, on each 
stroke suction occurs in one end, while the other end is forcing water 
through the tubes to condense the steam. On each stroke of the 
air pump one end sucks in the condensed steam, while the other 
end is discharging the water of condensation into the feed tank or 
hot well. The tubes and tube sheets are secured in a manner 
similar to those in the main condenser. An air cock is fitted to this 
condenser for relieving any air that may accumulate in it. The 
pumps are worked by the small steam cylinder shown with its valve 



HANDY BOOK FOB ENLISTED MEN OF NAVY. 



169 




rCCO IMLCT 



Sketch 69. 



160 HAKDT BOOK FOR ENLISTES 1 



r OF HAVY. 
xiliary conrfenBer ii 




Ah OfhAr 



XWr^iSxW; 



Sec. 4. Steam Trap. 

Sketch 71 shows the Lytton bucket trap, which is of the 
intermittent-flow type. It consiptB of a chamber, a bucktt. a main 
and an auxiliary valve. DischarEe pipes lead to and from tjie 
chamber and valve chest, tespcctively. Water and eteam flow 
through the inlet opening, A, to the chamber and raise the bucket. 



D, until it strikes the top of the chamber. When the water rises to 
the top of D it overflows inlo it. The bucket, i>, then filU and 
drops to the bottom of the chamber. This causes an upward mov- 
ment of the lever. K, which raises the auxiliary valve, JV, and 
admits the pressure in the trap to the imderside of the piston 
attached to the main vaive, h. This prosaure opens the main valve 
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and the water is forced out of the trap through bucket, D, connec- 
tion, 0, to pipe, C, and thence to outlet, B. The water flows from 
the trap chamber until level with the top of D, when it is at its 
lowest position; then that in ^ Is blown out until D floats (in 
the position shown) an^ closes' the valves L and M. L and M 
remain closed until D fills and drops again. All parts of this trap 
except tlie float are outside of the cnamoer and are accessible . AU 
of the automatic functions of the trap can be performed by hand 
from the outside by. means o^ tHe lever shown in the end view. 
The bucket or intermittent flow trap is the only one used in the 
Navy. .{ . 

Sec. 5. Grease Extractors. 

Grease extractors, for extractiiig the grease from the feed water 
for boilers, are made similar to Macomb strainer previously de- 
scribed. The cartridge is perforated and covered with burlap 
through which the water filters. It is placed on the discharge side 
of the main feed pump generally, and is fitted with a by-pass valve, 
so that the extractors may be overhaiiled without interrupting the 
feed. An intermediate tank, called the hot-well tank, is fre- « 
quently placed between the air pump and the filter and feed tank, 
so that m case the filtering bed becomes clogged up it will not 
bring too great a strain on the air pimap. In this case a small pump 
called the hot-well pump, is supplied to pump the water from the 
hot-well tank to the filter. An escape pipe and valve are pro- 
vided, so that in case of derangement the valve will lift and the 
water pass directly to the feed tank. 

Sec. 6. Reserve Feed Tanks. 

To make up the unavoidable losses of fresh water about the 
engines and boilers it is necessary to have reserve tanks from which 
the '* make-up" feed may be taken. The double bottoms under 
the en^e and fire rooms axe usually used for this nurpose, filled 
when in port with fresh water from a water boat, ana from the dis- 
tiUer and evap<»ating plant on the ship. Connections are made to 
the air pump, to an auxiliary feed-pump suction, or to a small 
double-bottom pump; this latter pumping directly from the double 
bottom to the feed tank. 

Sec. 7. Feed Water Filters. 

In order to remove oil or ^ease {rom the feed water before it 
enters the boilers and to avoid its destructive effect, feed-water 

fiP722* — 15 11 
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filters are employed. In the United States Navy a filter tank is 
usuaHy e^l^oyed in connection with and a part of the feed tank. 
'Ph)e'^>ajrt4ev4)ted to the feedrfilttti' ta&k ie usually -drnd-ed by par- 
titions iijito three chamhers by means of perforatea plates. In t£ese 
xjia^bers is placed, the .filtering. ju^terial, coosistio^ 4i»iudly of 
Bome fil)rous material, such as sponges, bagsing, toweling^ or i^ eea 
growth called "loofa." These materials cSuect the oil and impu- 
rities and before becoming clogged are removed, washed, and 
clea4ie4 or renewed. The discharge from the air ptunps lead into 
the filter tank through which the water flows to the feed tanks. 

Sec. 8. Allen Dense-Air Refbioeration. 

There are various systems of refrigeration, depending upon two 
genm.1 methods, one consisting of i^ change of stat<e, phyucal, 
chenucal, or both, and the other, the compressipQ, cooiii^ and 
e^^pansion of an elastic ga^, such as aix. Tne cold-air system is 
baaed on the seccHid psinciple, and cold-air machineQ are ntted on 
nearly all United States vessels. The working principles of the 
air-ice machines is based on the creation of heat during the com- 
^pre^sion of the air, and the creation of cold to about an equal 
'amount during expansion. The machines, therefore, consist ql an 
air compressor, which compresses the air and passes it into a cooling 
qoil of pipe surrounded by circulating water. This cold water 
removes the heat of compression and passes the compressed cooled 
air to the expander, a regular cut-off steam engine into which the 
air is admitted during part of the stroke of the piston; the admis- 
sion is then cut off and the air in the cylinder is expanded as the 
piston proceeds to finish its stroke. In doing this the air is cooled. 
During this expansion the air is cooled to a very low temperature, 
and the return stroke of the piston pushes it out, and pipes convey 
it to the place that is to be cooled hy it. It is usual to take air 
from the atmosphere and to refrigerate it in the above manner. The 
American Allen dense air ice machine is the type used in the Navy. 
The machine is' constructed to use an air pressure of 60 pounds in 
the conveying and refrigerating pipes, ana the air compressor com- 
presses this Ui about 260 pounas. If these pressures can not be 
maintained, it is an indication that leaks have occurred, and the 
piston packings and possibly the run of pipes have to be over- 
nauled. If the trap or anv portion of the piping is choked by 
frozen oil or snow, or by tne closing of valves the pressure rela- 
tion required will be chan^[6d. The cylinders require lubrication 
with the best quality of mineral lubricating oil. The air pistons 
are packed with leathers soaked in castor oil. The air stufiing 
boxes contain, first, a few turns of Katzenstein metallic pack- 
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ing tings, tlien a hollow oiling njig, then outer layers of fibrous 
packing, usually square Oarlock. The oiling rin^ is kept full of 
oil b^,..aj»J4B;^v.ieed?pzeas^ iubidcatar^. which, u cooaficted to 
pie BtuBi^ box by a pipe. The air pushed out by the expander 
IB commomy. practically of about 35 to 55^ temperature below zero 
(Fahrenheit), depending upon the temperature of the copl^ig 
water and irpon internal leaks and frictions. The pipes lead it, 
first, through the oil trap, Ej for pmification, then to the ice* 
making box, 1, which coiisists of a c^stinst forming pockets^ T, 
for the reception of sheet-iron ice cans. This casting is set in a- 
strong and tight jacket castinfi^ with internal bulkheaos, formed so- 
that the cpld air which is lea into the space between jacket and 
ice^n pockets must paiaa closely along the surfaces of the popkets. 
The small space between the sheet-iron ice cans ^d the inside of 
Ihe pockety is filled with a solution of about equal weights of 
chloride of calcium and water which withstands the cold without 
freezing. (Note: If you .run xnit of 4his solution use the«^iAe 
from the evaporators.) It provides a good conductor for t^^ cold 
and keeps the cans from freezing fast in the pockets. From the^ 
ice-making box the cold air is led to the cold-storage chamber, Ky 
where it is passed through a system of refrigerating pipes, L. 
Frozen meat can be kept practically without change for an indefi- 
nite time. When kept at nearly the freezing point without chanjg;e 
it may be kept for a number of weeks in good condition. From t^e 
cold storage the cold air goes to the refrigerating pipes in the drink- 
ing water butt, if, passing first to the bottom layer and then gradu- 
alhr upward. 

Once or twice each day it is necessarv to clean the machine by 
heating it up and blowing out all the oil and ice deposits. This is 
done as follows:^ The 1-inch valve of the by-pass is opened. Then 
the two li^ or 2 inch valves in the inain pipes are closed; then the 
two l^inch valves in the hot-air pipe n-om the compressor chest 
to the expander are opened, and the 1 j^inch valve of me expander 
inlet is partly closed; then the live steam is let into the jacket of 
the oil trap slowly, keeping the outlet from the steam jacket open 
enough to drain me condensed steam. 

Run in this manner for about one-half hour. During this time 
frequently blow out the bottom valve of the oil trap, also the 
blow-off from the expander, until everylliing appears clean. 
Then shut off the steam and drain connections of me jacket of 
the trap and the hot-air pipe from the compressor to the expander. 
Then open the two IJ-inch valves in the main pipes. Then 
close the 1-inch by-pass pipe and all pet-cocks and run as usual. 
When opportunity offers to blow out the manifolds of the cold 
storage and the ice-making box this should be done. 
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DIBECnONS FOB OPERATING. 

On stafting the machine have the blow valves of the expander 
and the pet cocks of the various traps open until no more grease 
or water discharges. 

The two li inch or 2-inch Valves of the main pipes must be open 
and the 1-inch by-pass pipe closed; also the J-inch hot-air valves 
from the compressor to the expander cylinder must be closed. 

Be sure that the circulating water is in motion. 

The full pressure is 60 to 70 pounds low pressure and 220 to 250 
pounds high pressure. 

During the running, open the pet cocks of the water trap which 
takes the water out of the air from the primer pump frequently 
enough not to let it fill over half way. If the water should be 
allowed to enter the main pipes it is liable to freeze and clog at the 
valves. 

By keeping all stuffing boxes well lubricated by the lubricator 
cups, the pressures are easily maintained with but little screwing 
up of the packings. 

If the low-pressure air pressure is not maintained the fault is 
almost always due to leaks through the stuffing boxes. Under 
all circumstances it is due to some leak into the atmosphere, as 
theprimer pump valves have been rarely found at fault. 

The pistons of the compressor and expander cylinders are packed 
with cup leathers, which generally last about one or two months 
of steady work. When these leatners give out the high pressure 
decreases in relation to the low pressure, and the apparatus shows 
a loss of cold. A leak at any other point of high pressure into 
low pressure will have the same effect. 

These packing leathers are made of white oak tanned leather 
of somewmt less than J inch thickness. They are cut f inch 
larger in diameter than the cylinders. The leathers must be 
kept soaked in castor oil and must be well soaked in that before 
using. A tin box containing spare leathers soaked in oil must 
be kept on hand. 

Referring to the sketch 72, the machine consists of the following 
parts: 

A. The steam cylinder, which furnishes all power needed. To 
its crank shaft the air compressor and expander are linked. 

B. The air compressor cylinder; compresses the air. This 
cylinder is water jacketed. 

C. A copper coil in a bath of water. The hot air after compres- 
sion passes through this coil which cools the air to the temperature 
of the surrounding circulating water. 
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PART XIII. 

USEFin. TABLES OF HSASIJBEHENTS. 

Section 1. English and Metric Measurements. 

1 United Statepi gallon of water»$.335$ pomuls. 

1 cubic foot o| water=7.48 United States gallons. 

1 United States ^allon=.1337 cubic foot. ' 

1 atmoephere=7l4.7 pounds. 

Acceleration of gravity=32.16 feet per second =s=g. 

1 cubic meter =1,000 kilograms. 

1 cubic meter=l,000 liters. 

Sec. 2. Metric Equivalents of English Units. 

1 incli=2.54 centimeters. 

1 foot=0.3048 meter. 

1 ctrt)ic loot=0.0283 cubic meter. 

1 United States gallon =3.7854 liters. 

1 pound=0.4536 kilogram. 

Sec 3. Weight op Distilled Water. 

1 cubic foot=62.5 pounds at 0° F. 
1 cubic loot=62.2 pounds at 80** F. 
1 cubic foot=62.1 pounds at 90° F. 
1 cubic foot=62.0 pounds at 100® F. 
1 cubic foot=61.7 pounds at 120** F. 
1 cubic foot=61.2 pounds at 150° F. 
1 cubic foot=60.6 pounds at 180° F. 
1 cubic foot=59.84 pounds at 212° F. 

Sec. 4. Weight op Sea Water. 
Sea water weights 64.1 pounds per cubic foot. 

166 
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Sec. 5. Linear, Sqcabb, and Cubic Measures. 

l2mcheB==^lioot(it.), 

3 fe€t=l yard (yd.). 

(J feet or 2 yardfl=l fathom (fth.). 

1,760 yard8=l land mile (imle). 

5,280 ieet=l land mile (mile). 

6,080 feet=l knot (kt.). 

144 square inches^l square toot, 

9 square feet=l square yard. 

3,097,660 square yards»l square mile. 

1,728 cable inche8=l cubic foot=*7.4805 gallons. 

27 cubic faet=l cubic yard. 

Sec. 6. Liquid Measures. 

4 gillsp"! pint=34.659 cubic inches. 

2 pint6=>l quart=69.318 cubic inches. 
4 quarts«"l gallon=277.274 cubic inches. 
8 nLllons:^! DU8hel=sl.283 cubic feet. 
1 United States gallon s:231 cubic inches. 

Sec. 7. Weights of On. at 32° F. in Pounds. 



Name. 



Cottanseed 

Linseed 

P«tr<deum 

Cylinder oil 

Heavy lubrication 
light lubiioat ion . , 

Sperm oil 

Turpentine 




1 United 
States 
gallon. 



7.761 
7.S44 
7.427 
7.594 
7.552 
7.469 
7.344 
7.260 



Cubic 

feet per 

ton. 



3&62 
38.22 
4a 34 
39.42 
39.64 
40.07 
4a 78 
41.25 
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Sec. 8. Squares and Cubes. 
For finding areas and volumes from 0.1 to 100. 



No. 


Square. 


Cube. 


No. 


Square. 


Cube. 


0.1 


0.01 

.0225 

.04 

.0625 

.09 

.1225 

.16 

.2025 

.25 

.3025 

.36 

.4225 

.49 

.5625 

.64 

.7225 

.81 

.9025 
1.0000 
1.1025 
1.21 
1.3225 
1.44 
1.5625 
1.69 
1.8225 
1.96 
2.1025 
2.25 
2.4025 
2.56 
2.7225 
2.89 
3.0625 
3.24 
3.4225 
3.61 
3.P025 
4 

4.41 

4.84 

5.29 

6.76 

6.25 

6.76 

7.29 

7.84 

8.41 

9.00 

9.61 

10.24 

10.89 

11.56 


0.001 
.0034 
.008 
.0156 
.027 
.0429 
.064 
.0911 
.125 
.1664 
.216 
.2746 
.343 
.4219 
.512 
.6141 
.729 
.8574 
1.00 
1.158 
1.331 
1.521 
1.728 
1.953 
2.197 
2.460 
2.744 
3.049 
3.375 
3.724 
4.096 
4.492 
4.913 
5.369 
5.832 
6.332 
6.859 
7.415 
8 

9.261 
10.648 
12.165 
13. 824 
15.626 
17.676 
19.683 
21.952 
24.389 
27.000 
29.791 
32.768 
35.937 
39.304 


3.5 


12.25 

12.96 

13.69 

14.44 

15.21 

16.00 

16. 81 

17.64 

18.49 

19.36 

20.25 

21.16 

22.09 

23.04 

25.00 

26.01 

27.04 

28.09 

29.16 

30.25 

31.36 

32.49 

33.64 

34.81 

36.00 

37.21 

38.44 

39.69 

40.96 

42.25 

43.56 

44.89 

46.24 

47.61 

49.00 

50.41 

51.84 

53.29 

64.76 

66.26 

57.76 

69.29 

60.84 

62.41 

64.00 

65.61 

67.24 

68.89 

70.56 

72.25 

73.96 

75.69 

77.44 


42. 875 


0.15 


3.6 


46.656 


0.2 


3.7 


50.653 


0.25 


3.8 


54. 872 


0.3 


3.9 


59. 319 


0.35 


4.0 


64.000 


0.4 


4.1 


68. 921 


0.45 


4.2 


74.088 


0.5 


4.3 


79.507 


0.55 


4.4 


85.184 


0.6 


4.5 


91.125 


0.65 


4.6 


97. 336 


0.7 


4.7 


103.823 


0.75 


4.8 


110.592 


0.8 


5.0 


125.000 


0.85 


5.1 


132. 651 


0.9 


5.2 


■ 140.608 


0.05 


5.3 :.. 


148. 877 


1.00 


5.4 


157. 464 


1.05 


5.5 


166. 375 


1.1 


5.6 


175. 616 


1.15 


5.7 


185. 193 


1.2 


5.8 


195. 112 


1.25 


5.9 


205.397 


1.3 


6.0 


216.000 


1.35 


6.1 

6.2 


226.981 


1.4.. 


238.328 


1.45 


6.3 


250.047 


1.5 


6.4 


262.144 


1.65 


6.5 


274.625 


1.6 


6.6 


287.496 


1.65 


6.7 


300.763 


1.7 


6.8 


314.432 


1.75 


6 9 


328.509 


1.8 


7.0 


343.000 


1.86 


7.1 


357. 911 


1.9 


7 2 

7.3 


373.248 


1.95 


389. 017 


2 


7.4 


405.224 


2.i::::::::::.::... 


7.6 


421. 875 


2.2 


7.6 


438. 976 


2.3 


7.7 


456.633 


2.4 


7.8 


474. 662 


2.5 


7.9 


493.039 


2.6 


8.0 


512.000 


2.7 


8.1 


631. 441 


2.8 


8.2 


651.368 


2.9 


8.3 


571. 787 


3.0 


8.4 


592.704 


3.1 


8.6 


614. 125 


3.2 1 


8.6 


636.066 


3.3 1 


8.7 


668.603 


3.4 i 


8.8 


681.472 



HANDY BOOK FOB EKLISTEB MEN OF NAVY. 169 



Sec. 8. Squares and Cubes — Continued. 
For finding areas and volumes from 0.1 to 100 — Continued. 



8.9. 

9.0. 

9.1. 

9.2. 

9.3. 

9.4. 

9.5. 

9.6. 

9.7. 

9.8. 

9.9. 

10.. 

11.. 

12.. 

13.. 

14.. 

15.. 

16.. 

17.. 

18.. 

19.. 

20.. 

21.. 

22.. 

23.. 

24.. 

25.. 

26.. 

27.. 

28.. 

29.. 

30.. 

31.. 

32.. 

33.. 

34.. 

35.. 

36... 

37... 

38... 

39... 

40... 

41... 

42... 

43... 

44... 

45... 

46.. 

47... 

48... 

49... 



No. 



Square. 



Cube. 



79.21 


704.969 


81.00 


729.000 


82.81 


753.571 


84.64 


778.688 


86.49 


804.357 


88.36 


830.584 


90.25 


857.375 


92.16 


884.736 


94.09 


912.673 


96.04 


941. 192 


98.01 


970.299 


100 


1000 


121 


1331 


144 


1728 


169 


2197 


196 


2744 


225 


3375 


256 


4096 


289 


4913 


324 


5832 


361 


6859 


400 


8000 


441 


9261 


484 


10648 


529 


12167 


576 


13824 


625 


15625 


676 


17576 


729 


19683 


784 


21952 


841 


24389 


900 


27000 


961 


29791 


1024 


32768 


1089 


36937 


1156 


39304 


1225 


42875 


1296 


46656 


1369 


50653 


1444 


54872 


1521 


59319 


1600 


64000 


1681 • 


68921 


1764 


74088 


1849 


79507 


1936 


85184 


2025 


91125 


2116 


97336 


2209 


103823 


2304 


110592 


2401 


117649 



No. 



50. 

61, 

52. 

53. 

54. 

65. 

66. 

67. 

58. 

59. 

60. 

61. 

62. 

63. 

W. 

65. 

66. 

67. 

68. 

60. 

70. 

71. 

72. 

73. 

1^. 

75. 

70. 

77. 

78.. 

79.. 

80.. 

81. 

82.. 

83.. 

84.. 

85.. 

86.. 

87.. 

88.. 

89., 

90., 

91.. 

92.. 

93.. 

94.. 

95.. 
96.. 
97.. 
98., 
90.. 
100.. 



Square. 



Cube. 



2500 


125000 


2601 


132651 


2704 


140608 


2809 


148877 


2916 


157464 


3025 


166376 


3136 


176616 


3249 


186193 


3364 


195112 


3481 


205379 


3600 


216000 


3721 


226981 


3844 


238328 


3969 


250047 


4096 


262144 


4225 


274626 


4366 


287496 


4489 


300763 


4624 


314432 


4761 


328609 


4900 


343000 


5041 


367911 


5184 


373248 


5329 


389017 


6476 


4a')224 


5625 


421876 


6776 


438976 


5929 


466533 


6084 


474562 


6241 


493039 


6400 


512000 


6561 


631441 


6724 


661368 


6889 


671787 


7056 


692704 


7225 


614125 


7396 


636066 


7569 


668603 


7744 


681472 


7921 


701969 


8100 


729000 


8281 


753571 


8464 


778688 


8649 


804357 


8836 


830584 


9025 


867376 


9216 


884736 


9409 


912673 


9604 


941192 


9801 


970299 


10000 


1000000 
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Diameter. 



11 

12] 

14. 

14i. 

16.. 

1«.. 

ao.. 

22.. 
24.. 

26.. 
28.. 
80.. 
32„ 
84.. 
86.. 
38.. 
40.. 
42.. 
44.. 
40.. 
48.. 
50.. 
52.. 
54.. 
66.. 
68.. 
60.. 
62.. 
64.. 
66.. 
68.. 
70.. 
72.. 
74.. 
70.. 
78.. 
80.. 



Clrcum- 



31. 416 

81.809 

32.201 

82. 504 

82.987 

33.879 

33.772 

34.165 

87.699 

38.485 

89.270 

49.055 

43.982 

45.558 

50.265 

56. 549 

62.832 

09.115 

75.398 

81.681 

8V.965 

94.248 

100. 531 

106. 814 

113.097 

119. 381 

125.664 

131.947 

138.230 

144. 513 

150.796 

157. 080 

163.363 

169.646 

175.929 

182.212 

188.496 

194. 779 

201. 062 

207. 345 

213. 628 

219.911 

226.915 

232.478 

238. 761 

245. 044 

251. 327 



Area. 



78.54 
80.52 
82.52 
84. &4 
86.50 
88.66 
90.76 
92.89 
113. 10 
117.86 
122.72 
127.68 
153.94 
165.13 
201.06 
254.47 
314. 16 
380.13 
452.39 
530.93 
615. 75 
706.86 
804.25 
907.92 
1,017.00 
1,134.1 
1,256.6 
1,385.4 
1,520.5 
1,661.9 
1.809.6 
1,963.5 
2, 123. 7 
2,290.2 
2.463.0 
2,642.1 
2,827.4 
3,019.1 
3,217.0 
3,421.2 
3,631.7 

Of o4o« O 

4,071.5 
4,300.8 
4,536.5 
4, 778. 5 
5,026.5 



Piam«t«r. 



n 

U 

n 

u 

ni 

n 

11 

u| 

13.. 
13i. 
13^. 
135. 
15.. 
15*. 
17:. 
i9.. 
21.. 
23.. 
25.. 
27.. 
29.. 
31.. 
33.. 
3.5.. 
37.. 
39.. 
41.. 
43.. 
45.. 
47.. 
49.. 
51.. 
53.. 
55.. 
57.. 
59.. 
61.. 
6.3.. 
6'i.. 
67.. 
69.. 
71.. 
73.. 
75.. 
77.. 
79.. 
81.. 



Ciroum- 

fereoce. 



84.558 

84.950 

85.843 

85.786 

86.128 

86.521 

86.914 

37.806 

40.841 

41.626 

42.412 

43.197 

47. 124 

48.605 

63.407 

59.690 

65.978 

72.257 

78.540 

84.823 

91.106 

97.389 

103. 673 

109.956 

116.239 

122.522 

128.805 

135.088 

141. 372 

147.655 

153.938 

160.221 

166.504 

172.788 

179. 071 

185. 354 

191.637 

197. 920 

204.204 

210. 487 

216. 770 

223. 053 

229.336 

235. 610 

241. 903 

248.186 

254. 469 



Area. 



95.08 
97.21 
QQ.40 
H)l.fi3 
103.87 
106.14 
108.43 
110. 75 
132.73 
137.80 
143. 14 
148.40 
176. 71 
18S.Q0 
226.08 
283.53 
346.38 
415.48 
490.87 
572.56 
660.62 
764.77 
856.30 
9^.11 
1,075.2 
1,194.6 
1,820.3 
1,452.2 
1,500.4 
1,734.9 
1,885.7 
2,042.8 
2,206. 2 
2,375.8 
2,551.8 
2,734.0 
2,922.5 
3,117.2 
8,318.3 
3,525.7 
3,739.8 
3,959.2 
4, 185. 4 
4,417.9 
4,656.6 
4,901.7 
5,153.0 



AFPENBIX I. 

In order to give enlisted men an idea of the requit^TBfii^ta to be 
fulfilled to obtain entrance to tbe United States Nftvsi Academy, 
Annapolis, Md., this appendix has been added. The physical 
examination is similar to the one given on enlistment and eiuisted 
men should find no difficulty in passing it. 

SAMPLE MENTAL ENTBANCE EXAMINATION. 

DICTATION EXERCISB IN S^ELmTQ. 

The examiner will pronounce distinctly each word, repeating the 
WQxd if npcepeiary. 
Twenty minutes are allowed for this subject. 



1. confidence. 

2. poison. 

3. argument. 

4. acclamation. 
6. onion. 

6. vegetable. 

7. dictionary. 

8. accessible. 

9. photography. 

10. radiant. 

11. solar. 

12. bankrupt. 

13. brilliant. 

14. currency. 

15. uniform. 

16. revolution. 

17. recompense. 



18. pendulum. 

19. ornamental. 

20. absolute. 

21. drama. 

22. sphere. 

23. volume. 

24. mistress. 

25. cabinet. 

26. secretary. 

27. opportunity. 

28. ballast. 

29. electric. 

30. station. 

31. reality. 

32. friction. 

33. pulley. 

34. wheedle. 



35. deceive. 

36. museum. 

37. motor. 

38. motley. 

39. malij^. 

40. ihtjestine. 

41. university. 

42. compreliend. 

43. ment. 

44. library. 

45. trough. 

46. indispensable. 

47. discriminate. 

48. value. 

49. notable. 

50. indelible. 



GRAMMAR. 

Question 1. Punctuate the following, and insert capitals where 
needed: 

in his message to congress dec 2 1913 president wilson said gentle- 
men of the congress in pursuance of my constitutional duty to give 
to the congress information of the state of the union i take the 
liberty of addressing you on several matters which ought as it 

171 
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seems to me particularly to engage the attention of your honorable 
bodies as of all who study the welfare and progress of the nation 

Qiiestion 2. (a) Fill each blank with who or whmiy as the construc- 
tion may require: 

1. He asked me was elected. 

2. do you re^d as the better scholar of the two? 

3. do you think is the best physician in town? 

4. He was put through college by his uncle, for he had a 

strong dislike, and , he said, treated him like a dog. 

(6) Correct, if necessary, the following sentences: 

1. We will perish J nothing can help us. 

2. Each of us should do their best. 

3. William is better at his lessons than me. 
4i Can I borrow your pen? I will return it. 

Question S. Analyze the following sentence, and parse the 
itaUcized words: " When they saw the ship they shoutea joy/tt%, 
and some of them hurst into tears." 

Question 4' (a) Write sentences to illustrate (1) indirect object 
of a transitive verb, (2) infinitive used as a subject, (3) a collective 
noun modified by a present participle, (4) a clause used as the direct 
object of a verb. 

(6) Give the past tense and past participle of the following: 
Dnnk; fling; flee | begin; brinr^; br.rst; throw; lie (to recline); lay. 

Question 5. Write a theme of at least one page (about 300 wordJs) 
on one of the following subjects: 

1. An incident in the life of a great man. 

2. A pleasure trip. 

3. A description of some character in fiction. 

UNITED STATES HISTORY. 

Qy^tion 1. (a) Discuss English explorations in the sevent^nth 
century. 

(6) Discuss briefly the colonial governments prior to the Revo- 
lution. 

Question 2. (a) Who was Thomas Jefferson, and what did he 
accomplish? 

(6) Describe the battle of Saratoga and its effects on the war. 

Question S. (a) What is the Monroe Doctrine? 

(6) Describe briefly the expansion of the United States b^r war, 
purchaBe, exploration, and treaty, from the time of the thirteen 
Colonies to the present day. 

Qu£stion 4' (o) Sketch the life of one of the following men: 
(1) Lincoln; (2) Lee; (3) Grant; (4) Jackson (''Stonewall"). 

(b) What were the causes of the Spanish- American War? 

Question 6. Discuss the significance of the Panama Canal. 
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OBOGRAPHY,. 

^v£Stion 1. (a) Fix the position of the following:* (1) Saghalien; 
(2) Aberdeen; (3) Palermo; (4) Barcelona; (5) Balearic Islands; 
^6) Borneo; (7) Falkland Islands; (8) Halifax; (9) Winnipeg; 
10) Magdalena Bay. 

(6) To what nation or nations does each of the above belong? 

Question 2. (a) Bound Illinois and Wyoming; give their popula- 
tion and capitals. 

(6) Name in order the States of the United States that border 
xne sea. 

Question S. (a) Describe the course (IJ of the Colorado River, 
naming in order the States through which or between which it 
pas8esj(2) of the Tennessee River. 

(6) Through what bodies of water would a vessel pass in making 
a voyage from Gilbraltar to Vladivostok? 

Question 4' Write a theme of at least one page on the State in 
which you live, and on one other of the United States, giving 
climate, population, principal products, capital, and chief towns. 

ALGEBRA. 

Time allowed, three hours. ' 

Questicm 1. (a) Factor c?-\-h^, a;*+y*-7r»y2, 51ar*-25a;-6, 
a?— (a+6+c) 7?-\-{ab-\-ac-^hc) x—abc and Zx*—4ax-^2hx-\-a^-\-2ab. 

(6) Multiply2a-aJ+3a-Jby3a-2aJ-2a-J. Check the prod- 
uct by dividing it by 2a — a J +3a — J . 
Question 2. (a) If flour costs h cents a pound and sugar c cents a 

Sound, and if a man buys twice afl many pounds of flour as of sugar, 
ow many pounds of each can he buy with m dollars? 
(6) Solve the simultaneous equations ax-\'hy—c and dx+cy=f. 

(c) Rationalize the denominators and simplify — y= j=r and 

2^a±h±3^/a^ 

2^aTh—yJa-b' 

Question 3. (a) A fleld contAJnijTg 1 acre is in the form of a rec- 
tangle f afi wide as it is long. The field is enlarged by adding 
39,664 square feet in such a way afl to increase length and widtiE 
of the rectangle an equal amount. Find the dimensions of the 
enlarged fleld. 

(6) Given 93^-{-2xy-{-f-d2x-20y-{-2U=0, solve for x in terms 
of y. Between what limiting values of y is x real? 
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Question 4- (a) Solve the simultoneouB equations j/^— a?=»16 
and 2y^-'4xy-\Sa^^l7j grouping the corresponding values of x 
and .j/. (6) The diagnna.1 eg a rectaogie .ii^J25 inches. Jf.the 
recta^le were 4 inches shorter and S inches wider, the dis^onal 
would fitiU be 25 inches. Find the ar^a of the rectangle. 

Question 5. (a) In a hurdle race of 560 feet, A beats B \>y 70 
feet. He then givei^ B a start of 40 feet and beats him by 2 spends. 
Find the speed of each in feet per seco nd. 

(6) Solve the equations 3r»-4a;+V3r»-4a;-6=»18 fmd 3»sc-f9 
=slO (32). 

OEOMBTRT. 

Time allowed, twp hours. 
^ N. %. — In solving problems the process^ should not be merely 
indicated, but all the figures necessary in solving each problem 
should be given in full. ' Number the work and answers to corre- 
spond with the numbpza of the questions. *The ietnswer to each 
problem should be indicated by writing ^' Ans.'* after it. 

Do not write on this sheet. Blank liieets will be funucblKi fior 
the answers to the questions hereon. Number answers to corre- 
spond with numbers of questions. 

Write only on the ruled side of the blank sheets furnished. 

Do not use a separate sheet of any kind to^ rough work. AU work 
should be submitted in its original form. No smooth copy is re- 
quired. Pencil may be used for all mathematical work. 

1. (a) Name and define the different kinds of quadrUat^rals, in- 
cluding the different kinds of parallelo^ms. Prove that the 
straight lines joining a pair of opposite vertices of a parallelogram to 
the midpoints of the opposite sides are equal and parallel. 

(6) In a right triangle ABC a perpendicular is drawn from the 
right angle C to ttie hypothenuse Cj dividing it into two segments 
X and y. Find the value of x and y in terms of a, &, and c, the three 
sides of the triangle, stating reasons for each step; thence deduce 

2. (a) Show how to construct a triangle, given two sides a aud h 
and the angle A opposite the side a. 

(6) Define circle, and the secant, tangent, chord, sector^ and seg- 
ment of a circle. Prove that the tangent from a given pomt P to a 
circle is a mean proportional between the two segments of any secant 
drawn from P. 

3 . (a) A point P is 15 inches from the center of a given circle, and 
the segments of a given chord through P are 16 and 25 inches. 
Find we length of the longest and shortest chord through P, and also 
the length of a chord subtending an arc of 120^. 
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(6) What is the side of an fi<]^ui]ateral triangle, the area of which is 
equivalent to the area of two similar triangles having sides of 33 dud 
§6 xnehes, respectrvely. 

4. (a) In a circle of 10 inches radius fiodl^e ana of a flogiBcait cut 
of! ^y a chord of 10 incites (ira*3.14l6). 

(h) Find the area of a regular inacribed dodecagon in a circle of 
raoiusd. 

5. (a) Find the side and area of the equilotnal triangle inscrifaed 
in a circle of radius a, andproYetiliatitBaiBaisone-&»iruiof theeir- 
cuBiscribed triangle. 

(6) Find the radius of a circle having an area equal to that 
included between two concentric circles oi 330 and 440 inches in 
circumference, respectivdy. 

I . (a). What wesethecausas andresuUaof the late Jiusso^apanese 
War? Give the period of time covered, and mention one important 
naval battle of this waj*. 

Explain briefly the foUowiqg xaferences: (1) The Commune 

is; (2) Nihilism. 

Tell about (1) the battle of Salamis; (2) the battle of Trafalgar. 

(a) What year marks the end of 1^ Middle Ages and the- 
b^innine of the Modem Era? What were the signs ot activity at 
this timer 

(b) Tell very briefly of the rise of the Saracens. 

(c) What was the Hanseatic League? Wlxen and why was it 
formed? 

III. (a) Tell about the Six Weeks' War. 

(5) Give the period of time covered by the reign of Queen Eliza- 
beth and the general character of that age. 

(c) What great war was fought in 1877-78? What was the general 
result of that war? 

IV. (o) In what did chivalry have its origin? When did it 
become a regular system? What were the effects of chivalry? 

(6) (1) It is said that Rome still governs the world. In what 
respect is this true? (2) What were the Wars of the Roses? 

(c) Explain briefly the following references: (1) The Invincible 
Annada; (2) Ashburton Treaty. 

V. Tell when and where each of the following lived and what he 
is famous for: (1) Wolsey; (2) Marlborough; (3) Victor Hu^o; 
(4) Darwin; (5) Diogenes; (6) Kossuth; (7) Goetne; (8) Agassiz; 
(9) Lincoln; (10) Mozart. 



Cb) Ej 
of Paris; 
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ARITHMETIC. 

Time allowed two hours. 

N. B. — In solving problems the processes should be not merely 
indicated, but all the figures necessary in solving each problem 
should be given in full. Number the work and answers to cor- 
respond with the numbers of the questions. The answer to each 
problem should be indicated by writing " Ans." after it. 

N. B. — Do not write on this sheet. Blank sheets will be furn- 
ished for the answers to the questions hereon. Number answers 
to correspond with numbers of questions/ 

Write only on the ruled side of the blank sheets furnished. 

Do not use a separate sheet of an^ kind for rough work. All 
work should be submitted in its original form. No smooth copy 
is required. Pencil may be used for all mathematical work. 

Question 1. (a) Find the G. C. D. of 1255543 and 1454762. 
(6) What decimal part of 36464 is 122.41168? 

(c) Simplify j^^^^H-m. 

Question 2. (a) How long will it take to walk around a square 

field containing 13 acres and 81 square yards, 
at the rate of 3| miles per hour? 
(6) How many miles 'pet hour are made by a locomo- 
tive having driving wheels 6 feet 3 inches in di- 
ameter ana making 110 revolutions per minute? 
(;r=3.1416.) 

Question S, (a) Find the value to six decimals of ^ J ' 

(6) If 2,000 bolts 1 inch in diame^ and 1 inch long 

are cast from a cubic foot of molten metal^ 

what was the linear shrinkage in inches (to 

three decimal places)? 

(7r-3.1416). 

Question 4. (a) A man a^^-ees to exchange a note for $2,000 for 

1 year and 3 months at 6 per cent simple 
interest, for a note at 5 per cent yielding the 
same returns. What must be the face value 
of the new note? 
{h) If the ratio of the volume of water to ice is 1 to 
1.089, how many gallons of water in a sheet 
of ice 330 feet by 278 feet and 5^ inches thick, 
if there are 1,000 ounces in a cubic foot and 
1 J pounds in a pint? 
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QuesiumS. (a) Find the niunber of feet in^l sea mile, i. e., 

y of the earth's equator, if the diameter of 
the earth is 7,925 mues and ;r»3.1416. What 
is the length in feet of V^? 
(h) A number of articles were bought for a sum of 
money, and 25 per cent added for freight. If 
one-fourth of tiie articles were broken and 
the remainder sold at an advance of 50 per 
cent for each, what per cent is lost or gained? 

The following is a list of the books covering the above subjects. 
They are the best to uee in preparation for the examination: 

Complete Geography, by A. E. Fry. 

The Student's American History, by D. H. Montgomery. 

Advanced Arithmetic, by G. A. Wentworth. 

Wentworth's Elementary Algebra. 

Robbins's Plane Geometry. 

Any good grammar obtainable. 

Examination for Machinist, U. S. N. 

The following is the written examination used in 1914 for 
candidates for appointment as machinist. United States Navy: 

HANDWBinNO AND OOMPOSITION — ^VALUE, 6. 

1. Write a letter to the board giving — 

1. Your name in full. 

2. The date and place of your birth. 

3. If a naturalized citizen of the United States, give date 

and place of naturalization. 

4. A brief history of your engineering experience, both in 

civil life and in the Umted States N&yy. 

5. What position you are an applicant for, and your reasons 

for tninking yourself qualified to fill it. 

ARITHMETIC — VALUE, 10. 

1 . How manv inches are there in -i^i^ of a foot? 

2. Perform the following subtractions: 

1«JL i?_A ii-i §1?_L3 
7 24' 15 25* 64 4 ' 288 16* 

3. Six tons of coal are burned in 12 hours on a grate 6 feet long 

by 7 feet wide. What is the ratJe of combustion of coal per 
hour in pounds per square foot of grate surface? 

88722" — 15 12 
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4. Coal bunker 24 feet long, 12 feet wide, and 17^ feet bi^h, has 

running through it a coaling trunk 3 feet by 2 feet by 17^ 
feet and also a pipe 32 inches outside diameter by 12 feet 
long. How many tons of coal will this bunker hold when 
coal is trimmed evenly to within 6 inches of the top if 42 
cubic feet of coal is a ton? 

5. Multiply } by t^, and divide the result by if. 

BNOINBS AND BOILSBS — ^VALUE, 25. 

(Note. — Where deseriptions are called fbr, due weight will be 
given for sketches which make the explanations clearer.) 

1 . Describe a water-tube boiler and give list of all of its external 
and internal fittings. Describe in detail the method of cutting 
out a tube and putting in a new one. 

2. (a) What is saturated steam? 



(b) What is superheated steam? 
(( 



(c) How is superheated steam obtained in a boiler designed to 
produce it? 

(d) What are the advantages and disadvantages in the use of 
superheated steam? 

{e) What is meant by wire drawing as applied to steam? 

3. (a) What causes natural draft in a smoke pipe? 

(b) What is forced draft and how is the strength of it measured? 

(c) Of what use is an analysis of smoke-stack gases? 

4. You are in charge of a four-cylinder triple-expansion engine 
and this engine has broken a high-pressure connecting rod; you 
decide to rim with the other cylinders. State how you would pro- 
ceed, air and circulating pimips independent. 

5. State the various inspections and methods taken for the care 
and preservation of boilers. Discuss fully corrosion, test of feed 
water, and use of boiler compound. 

6. (a) How test a steam gauge? 

(6) Why is a loop always placed in a steam pipe leading to a 
gauge? 
(c) How keep a main condenser from becoming air bound? 

7. In a triple-expansion engine the intermediate crank pin is 
running warm. How would you reduce the load on this pin with- 
out slowing down the engine? What effect would this have on 
the travel of the valve? On the lead of the valve? On the cut-off? 

8. Describe, in natural order, all the steps you would take to 
thoroughly clean a water-tube main boiler. Boiler is cold after 
long trip at sea. Name all the tools and appliances used in clean- 
ing. (Babcock & Wilcox boiler preferred.) 
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9. Give your idea of a set ctf general rules lor effici«Eit firing of 
water-tube boilers. 

10. Describe a thrust block senerally fitted to recifMocating 
engines and state how you tell that it is properly adjusted. Or, 
explain how the clearances of a turbine are measiued and how tiie 
rotor is adjusted. 

11. (a) What is the effect of an excess of air in the furnaces? 
^6) In what ways may this air enter? 
c) How may it be properly regulated? 
J(n Why are fires shced? 
[e) Why are they raked? 

12. Give a brief description of a Parsons marine steam turbine^ 
and toll how reversal of motion is effected. 

13. Explain how to refit a set of crank.pin brasses of a laige 
engine. Mow close would you set them up, and how would you 
measure the distance? 

14. (a) How test a main condenser installed in comiection 
with — 

1) A reciprocating engine? 

2) A turbine? 
fi) Describe in detail the process of retubing a main condenser. 

15. One of the following required: 

(1) Describe fully the forced lubrication system on a recipro-. 
eating engine of turbine. 

C2\ Describe a system of burning^ fuel oil in use in the Navy. 

(3) A twin-screw battleship with reciprocating engines and 
water-tube boilers is at anchor with steam on two boilers; other- 
boilers full of water. Orders given to be ready to get underway 
in six hours with steam on all boilers natural araft. Describe in 
detail and in natural order everything done from the time the. 
order is given until the ship is stesuning at full power natural draft. 

AUXILIARIES — ^VALUE, 12. 

1. Describe any form of ash expeller or ash ejector, and explain 
how it operates. 

2. What pressures should be carried for best opoi^tion in — 
(a) Coil of hi^h-pressure evaporator in a double-effect plant? 
(6) Shell of high-pressure evaporator in a doubie^ffect plant? 
Ic) Coil of low-pressure evaporator in a double-effect plsmt? 
la) Shell of low-pressure evaporator in a double^ffect plant? 
(e) Compressor cylinder of a dense-air ice machine? 

(J) Expander cylinder of a dense-air ice, machine? 
(g) Auxiliary exhaust line discharging into «i main feed water- 
heater located on suction side of feed pump? 
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(h) Auxiliary exhaust line diBchaiging into a main feed water 
heater located on discharge side of feed pump? 

3. What troubles are apt to occur with steam-launch machinery, 
and how are they avoideJi? 

4. (a) Describe a two-cycle or a fouivcycle gasoline engine. 

(b) What is the function of a carburetor? 

(c) What is meant by the mixture being too rich, and how is 
this condition discovered? 

5. Give a list of the pumps in the engineer department of a ves- 
sel, with their connections. 

6. Make a line sketch of an evaporating plant operating in 
double effect, and give a brief description of same. 

7. (a) What is the purpose of steam traps? 
[6) Where are traps fitted? 

fcj What type do you consider the best, and why? 
1(f) What is the purpose of a pressure-reducing valve? 
[e] Where are reducing valves generally fitted? 

What type do you consider the best, and why? 

ENGINEEBIKG IKSTBUOTIONS — VALUE, 6. 

1. (a) What tests of safety valves are required to keep them in 
proper operating condition at all times? 

(o) What are the requirements of good practice in r^ard to the 
care and preservation of coal bunkers ana fuel-oil compartments, 
and the precautions to be taken before entering coal bunkers, oil 
compartments, and double-bottom compartments. 

2. From your experience, what rules would you lay down regard- 
ing the examination, test, care, etc., of the following: 

Cylinders, receivers, steam jackets. 

Piston rings, followers, and follower bolts. 

Filters and grease extractors. 

Holding-down bolts. 

Surface condensers. 

Air and circulating pumps. 

3. If you were in charge of the engineer department of .a naval 
vessel, what general rules would you make in regard to the following: 

[a) Use of forced draft with water-tube boilers. 

[b) Handling fires. 
) Feeding boilers. 
t) Water-pressure tests of boilers. 

[e) Condition of idle boilers. 
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TOOLSy SHOP PRACTICE, REPAIB8 — ^VALUE, 20. 

1. (a) Namei the attachments of a lathe and tell what each is 
used lor. Name all fonns of lathe tools that you know. 

(b) What is meant by water finish? Oil finish? 

f c; How are cutting tools hardened? 

{a) Describe how a ta^er is cut on a shaft. 

2. (a) Describe a borinc bar and tell how you set it up and 
start boring out the main high^pressure cylinder. 

(6) Describe how you would lay off and cut a spur-gear wheel, 
with the facilities usually supplied on a large naval vessel. 

3. (a) Describe how you would repair a split in a copper aux- 
iliarv exhaust line, naming the tools used. . 

(b) Describe the process of applying the protective coating 
usea on the inside of copper pipes intended for salt water. 

4. Describe the molding ana casting of a 6-inch composition 
lift check valve. 

5. (a) Name the tools used by a boiler maker. 

(6) In Babcock & Wilcox boilers where are taper rolls used in 
a tube expander? Where are straight rolls used? 

6. Describe in detail how you would remove a piston rod from 
the main engines of a battleship, take a smooth cut over its surface, 
and replace same. State all tools and appliances required, cutting 
tools used, and the number of men reauired. 

7. Describe in detail how you would rebore the water cylinder 
of a main feed pump, with pump in place. Give all tools and 
appliances required and how they are used. 

8. (a) Explain in detail how to straighten a bent shaft of a 50- 
foot steamer. 

(6) What are the following metals and where are they used in 
the engineering department on board ship: 

1. Brass. 

2. Tobin bronze. 

3. Monel metal. 

4. Babbitt metal. 

5. Russian iron. 

6. Cast iron. 

7. Wrought iron. 

8. Forged steel. 

9. Explain how you would balance the rotor of a steam turbine 
used for driving auxiliaries, such as dynamos, blowers, etc. 

10. How would you balance a blower that appeared to vibrate 
excessively? 
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INDIOATOBS AND SOSBW PBOPELLBB8 — ^VALUB, 8. 

1. (a) How is the power developed by the engine measured, 
and in what units is it expressed in the following: 

1. A reciprocating engine? 

2. A turbine? 

3. A gasoline engine? 

(6) Draw the outline of a typical indicator card from one end of 
a cylinder, and indicate the following: 

1. Admission line. 

2. Expansion line. 

3. Exhaust line. 

4. Atmospheric line. 

5. Compression line. 

6. Point of cut-off. 

2. What is meant by — 

(a) The water rate (or water consumptioif) of an engine? 
(h) The statement that a certain vessel uses 1 .5 pounds of coal per 
indicated horsepower per hoiur? 

(c) The ratio of expansion of an engine? 

(d) The cylinder ratio? 

3. What information as to f&nltB can be obtained from an indi- 
cator card? Give sketches of cards in each case. 

4. A bhip with a propeller of 10-foot pitch is making 60 revolu- 
tions per minute and is making exactly 10 knots through the 
water. Calculate the slip of the propeller (6,080 feet equals 1 
knot). 

5. Describe how you would alter the pitch of a three-bladcd 
built-up propeller as fitted to naval vessels. Show by rough 
sketches how the propeller bolts are prevented from baclong out. 

DRAWINGS AND SKETCHES — VALUE, 10. 

1. Sketch one of the following: 

fa) Feed-water heater. 

b) Any water-tube (main) boilera 



[c) Evaporator. 

[d) - 



(a) Loobe coupling on forward end of stem-tube shaft ol main 
engine. 
2. Sketch one of the following: 

(a) In one-half size, an eccentric sheave keyed to a shaft with 20° 
angular advance; shaft 5 inches in diameter; sheave with 3 inches 
eccentricity. 

(b) A horseshoe-thrust collar and a main bearing brass, showing 
oil holes and grooves. 
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STORES AND SPARE PARTS — ^VALUE 4. 

1. Make a list of packing used on your la^t ship, and state where 
each was used. 

2. Give a list of small spare parts usually carried for — 
Cbl\ Steam launch engines. 

{h) Reducing valvea 
Icj Main feed pumpa 
(a) Dense-air ice machines. 
(e) Main condensers. 

3. Give a list of all materials, not metallic, used on a main 
boiler and main steam line. 

8UGQE8TIONS. 

The following points, if observed, will be of assistance to an 
applicant taking this examination: 

1. The examination in handwriting and composition is practi- 
cally the same every year. The form of the letter shoula be as 
follows: 

Navy Yard, New York, 

November 15, 1915. 

From: John P. Brown, chief machinist's mate, United States 

Navy. 
To: Examining board. 
Subject: Statement of applicant for appointment as machinist, 

United States Navy. 

1. My nam6 is John Paul Brown. 

2. I was born at Albany, New York, on September 18, 1883. 

3. I am not a naturalized citizen of the United States. 

4. In July, 1901, I began an apprenticeship to the machinist's 
trade in the employ of J. Mud & Co., Bridgeport, Connecticut, 
and was so employed until July, 1904, when I completed my 
apprenticeship and was given a certificate. 

From July, 1904, to September, 1907, I served as a machinist in 
the employ of the following firms: J. Mud & Co., Bridgeport, 
Connecticut; Fore River Shipbuilding Company, Quincy, Mas- 
sachusetts; and Atlantic Repair Co., East Boston, Massacnusetts. 
During this time I gained experience in the operation of nearly all 
kinds of machine tools, the erection .and repair of marine engine 
installations, and the running of trial trips. 

On September 18, 1907, I enlisted in the Navy as a machinist's 
mate, second clafs, and have served on the following ships: The 



184 HAKD7 BOOK FOB SmiSTSD MEN OF NAVT. 

Iowa, the Vemvontj the Beaky and the Arkansas, and have had 
experience on all the stations on board ship. 

I have had seven years' service on ooard cruising vessels, 
and have held the rate of chief machinist's mate since January 
1,1912. 

5. I am an applicant for appointment as machinist, United 
States Navy, and think myself qualified to fill this position because 
of my experience as a machinist, my service in the Navy, and my 
ability to handle men. 

John P. Brown. 

2. Before answering any question read it carefully and be sure 
to copy it correctly and avoid misspelling words. In the exam- 
ination in 1914 many applicants misspelled "machinist." 

3. Do not answer more than the question calls for, and, wherever 
possible, in case a list is called for, tabulate the list. For example: 

External fittings of a boiler — 

Safety valve. 

Air cock. 

Pressure-gauge connection. 

Steam-stop valve. 

Main feed stop and check valves. 

Auxiliary feed stop and check valves. 

Try cocks. 

Gauge-glass fittings. 

Surface blow valves. 

Bottom blow valves. 

Drain valve. 

Sampling cock for drawing water for test. 
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